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(54) A multlmode digital modem 

(57) A modem that operates selectively in the voice* 
band frequency band and at higher frequency bands is 
provided. This modem supports multiple fine codes, like 
DMT and CAP. 

The modem uses a Digital Signal Processor (DSP), 
so that different existing ADSL line codes, such as Dis- 
crete MultiTone (DMT) and Carrieriess AM/PM (CAP), 
can be implemented on the same hardware platform. 
The modem negotiates in real-time, for a desired line 
transmission rate to accommodate line condition and 
service-cost requirement. 

The line code and rate negotiation process may be 
implemented at the beginning of each communication 
session through the exchange of tones between the 
modems. A four-step MDSL modem initialization proc- 
ess is provided for line code and rate compatibility. 

A new synchronization startup procedure for CAP 
based MDSL modems is provided. The handshake pro- 
tocol and receiver algorithm allow reliable modem syn- 
chronization over severely amplitude distorted channels 
such as standard telephone twisted-pair wire, the algo- 
rithm makes use of a short length sequence to train a 
synchronizing equalizer at the receiver. After training to 
this sequence, a matched filter or correlator is used to 
detect the inverted sync sequence. The detection of the 



inverted sequence signals the start of the normal refer- 
ence training o the CAP demodulation equalizers. 

The MDSL line connection management process 
provides a simple, efficient, and flexible interface to 
mange the line connection between MDSL-C (MDSL in 
Central Office site) and MDSL-R (MDSL in resident site) 
in the telecommunication Wide Area Networking envi- 
ronment An internal state machine in an MDSL modem 
records and monitors the line status and notifies the 
state change to the other MDSL and also the host proc- 
essor. The protocol used for exchanging line connection 
management messages is a simplif ied Link Control Pro- 
tocol (LCP) for MDSL 
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FIG. 1a 
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Description 

FIELD OF THE INVENTION 

ods for and hardware tor muttimode digital modems. 
BACKGROUND OF THE INVENTION 

necting a home to the telephone company central ofhce m ^ ^^5. The original 

Several digital subscriber l<n<*(DSL) *eisDN Basfc Rate Access channel U-intertace. The 

2B1Q Digital Subscriber Line technology has been ^ * ™ rep eaterless T1 service. 

* H^h bit-«te digital subscriber lines (HDSL) tech^o^has beenj^ed as the rep« signaling for the 

An example of prior art use of ^^^^£^^S^ system specification that provides a 
telephone loop that has been defined ^^^.^^^gh-rate date stream from the CO to the res,- 
low-rate data stream from the resrte^to^eCO 2*^^^^ affecting conventional voice telephone com- 

35 «m same tv.sted-p^r and each ^" m ™^ ^ thTstvice provided (e.g., movies, Internet 

me central office will have a direct «mcM£ "DSL" rather than "ADSL" tor the modem) 
etc ). Figure 2a heuristically illustrates an ADSL "^^^^ZooBi computer or a TV set-top box. Because 
Skd in the centra, office and one in *°<^'£^%\^£ToSL modem may operate simul- 
an ADSL modem operates at frequences higher lhan thevwe^ano rrequ 
40 taneously with a voice-band modem or a^eptwe co^^m ^ movies or othen^-inten- 

A typical ADSL-based system includes aserve ^SS* the date as well as send control infor- 

sive content, and a set-top-box at ^t^^^^^^^^typically requires a sustained data rate 
mation back to the CO. Meartngtol display or use of systems are primarily designed to functon 

through the modem. Due to the ^^ n ^^ r ^ n ^^suSiberline meets the qualtty requirements, the 
45 under certain operating conditions and only at certe-n rate^a suoscr ^ ^ ifflpf0ve d. 

ADSL modem can function. otherw«e n«v ^^^^St^ 2ts-per^econd (Mbps) to a home 

^SLmodemd^ins^e^^ 

nication over the telephone system A modem ^a £ ^ were just ordinary speech 

in the voiced (30 Hz to 3.3 KHz), and thus thes^nalscanbe Jar^nmeo w ^ ^ bte from 

signals generated in a telephone set. The ^^"^J 7v 32 and V.34) call tor transmission at 
me receled signal. The current ITU V-senee; ~^"^2£J *2o and too slow tor Internet graphics In 
bit rates of up to 33.6 Kbps; even these rates are far too slow tor JJ"^ ^e^; this permits higher data 
^ast an ADSL modem Sirlease with frequency and line length; 

MP tor 26 gauge iines. or 1 2 Mt for 24 gauge lines. 
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, M limH(rf ^ at leas, following factors: 1) the sampling rate of the l.no carts 

Voice*and modem data speedsare hmrted by at toast the ^ , ine cards reduces 

in the central o«ice is only 8 KHz; 2) the tow b ^JJJ^ J SteWS-pair) and any associated electrical irnpa.rments 
dynamic range: and 3) the length of the ''"^^fr^ subsC riber line length limitations and electncal 

Sough anADSL modem avoids the first two lacto*. rt a*^*^^ with increasing line length tor the two 
Stents. F-gure 4c illustrates how toe <^ a *«^"^J™wW<* twistedpair subscriber line modem. 
Sng wire sizes. A simitar capacity ^^'^^^^^re 30 includes the bit encoder 3* 
Fiaure 4a shows in block format a simple ADSL ^emj^osejansrm transmission and 

inveSetaltlolrier transform 38. converter 50. an equalizer 

transformer 46. The receive portion 32 includes a trarefwmerana nw . ^ cancellation c.rcu>t 

, ^distortion compensation 52. S/P54, ^'^^J^tolw^nal leakage. The ADSL standard 
from the transmission portion to the recepbon portion may be ndudeo » s upp [ and a quadrature amplitude 

uses discrete muHrtone ^^^"^Z^^^ ^ onto each carrier band independent 
modulation (QAM) type of constellation ts used to loao a ver.au. 

with a fast Fourier transform. |h .. -gjg tor the ADSL standard. A typical DMT system utilizes 

Discrete multi-tone (DMT) has been j** 6 ^ 'uTl channel frequency distortion can be corrected by a 
a transmitter inverse FFT and a receiver forward Sead of the channel in the beginning of 

m frequency domain equalizer following th ^f^^^eW 8 ^ * » i8 irterferenC6 * inde ^ ent 
thVreceiver FFT block contains HHPMM* oe few ^Jj^mai n ^ The typical solution adds a 

of the current ^^Te ^^before the block of FFT data is sent to the D/A 

block of prefix data in front of the FFT data hockoh «"°" 

The pref be data is the repeat copy of toe lasf second FRoJtobfodc ^ ^ ^ ^ ^ ^ 

30 on toe receiver sde. toe received ^rTjSSjjS^ from the previous FFT data btock is com- 
irrpulse response is shorter than toe pref « Jen applied to remove intra-symbol interface among 

pSaly eliminated. Frequency domain equahzer *J£J a ^ ^ case basis, there is no guarantee 
DMT subchannels. However, since the channel ^^^^Xg^^n aSpnve time domain equalizer is typically 
that the length of the impulse response ts shorter than thepref* 
35 ZZ toSorten toe length of toe channel ;^*Tl£!S^ Equals Training A&rithrrs for Muiti- 
Time domain equalizer training P^ ur ^ a e ^^ Conference on Commu- 

carrier Modulation Systems. J.S. Chow. ^^^^SSStSm sequence has been specified in ADSL 
nicatfons. pages 761-765. ^) and ^^^SL^S) *, DMT, IS. Chow, J- M. »* 



S3 AC Bingham. ANSI T1 E1 A ^^^^^^,322 relates to bit allocation in the multi- 

c^cS^^^ 

Cancellation; and U.S.Patent No. 5.285.474 ^es^ua^ PAM. and carrierless AM/PM 

m (CAptrr skt. sc^^s^ — — - - a -* °* 

"Ta^*^ 

filters and then converted to anafog J ^S^SSh « 750 and echo cancelation^ 

receiver 325 of a DSL modem us.ng the CAP hne code and new 9 to multidimensional passband 

so The following patents are related to CAP modems. - QSZ 000 retates to equalizers. 

50 transmission. U.S. Patent No. 4.682.358 ^^™^% t »ZZ* sections: (0 an analog front end 
Modems using CAP or DMT. or ^f.^^'.^™^sand convert digital signals for transmission on 
to convert toe analog signals on ^ «£5 "*JJ convert toe digital signals into an ,ntor- 
the subscriber line into analog s.gnate. (a) d^rtal sjgn^pro^g a^oirny , ization> ^ (ifi) a host .titer- 

55 mation bitstream and optionally prov.de error J?° ™ ceBatm 

face between the information bitstream andits wr ^^ n "°" flner w rates for video that cause them to be compli- 
However, these DSL modems have problems "E^J^^ toem inefficient for short subscrtoer 
cated and expensive, 2) their bit rates are optirmed ^ a J'** d *^£ better for given different condtbons 

foops and unusable for long subscriber loops; and 3) erther DMT or CAP ope 
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^ . Mort in a oartcuto subscriber loop to which the DSL modem is connected. 

(e.o. noise, etc.) that may or may not be ^^^^^on are being developed to provide interac- 
Two way digital communicaton sterns S (HFC) is the primary architecture being tested, 

tive communication ability. From a wired ^^t^^^Xg Quadrate Amplitude Modulation (QAM), 
These systems can utilize a variety of «W S^SRSSSSS QPS^modUation to achieve efficient spec- 
Vestigial Sideband (VSB) modulabon i ****^™Z££ tmSSii of time and money are required to deploy 
tral communications. Systems tnals tttt ^2^^Si,?Sditional infrastructure to be buirt and addrtiond 
these systems. Thus, two way syst en* .bemg ^J*™* return pa*, systems now have to deal wrth 

customer residence (a premises) eou^^to ^^^^^ f ir £s placed at the customer prwn.se* 
noise ingress problems upstream. No.se '^^^ rf *eTs^n» cause disruptions in the residential and 
Along 3th access to the customer ^ ( ^ a c^omer^emises prior to offering my 

business community. This system infrastructure must be ~ " 0 ^J™ ^~ infrastructure. 
co^Ston for new high data rate one or two way "T ZT^Z modems to transmit digital two 

^ Semative wired system proposes; >M W ^££Z l£SSEL*m Amplrtude/Phase (CAP), 
way data. These systems can operate wrth several "^^jf^^^M Digital Subscriber Loop (ADSL), 
Screte Muititone (DMT). DWMT and S^^^^d^S^ Una (HDSL) modems cu, 
Very-High.Data-RateDigrtaiSubscr.b9 rUn f°^H9^^ B to and from the customer 

rently under development will offer different date ratosto carry ^Z^ fe6u Za from the wire gauge and trans- 
poses. For copper wire based system. ^ imrt **^ twisted pair network can be 

at 2,50-2162 MHz * *^™**E&XZ operating at 1 1700-12200 MH, and 
lite (DBS) operating at 12200-12700 MHz Ve^ »na« jpe™ > MHz band, are deployed or are under deve - 

« Local Multipoint Distribution Service (WDSJoperatir* , n the 27500 Currently, these wireless systems rely 

opment Wireless broadcast systems distribute ^f^pantto ww P°\ smaller antennas have made 

Tn antennas mounted on the customer prases to es^h ^e « ^ ^ d dtetri&jfc n. Access to 
these systems more acceptable to customers However ' me „ undesirable factors from the 

However, these and other shortcomings of the prior art are overcom 7 
35 SUMMARY OF THE INVENTION 

The present invention proves a new ^^r^ for ^e ^^J^^^^ 
lengths of up to 21 .000 ft. This new modem will be referred * * 8 ^ L _™S to separate the downstream and 
rSem of Z present invention maKes use d frequency d^on %^Z°»*£Z L specif to modulation 
40 upstream transmitted signals J e I^ne (DMT). A startup procedure for achieving , syn- 

remote user (RU) end is provided as part of tbe^rrtm«nt«a carrierless AM/PM (CAP). 

One o. the spedfic J-**"^ «-"■ smrttad date 

- C J^XTJZ^^^ ^ • - — re in - CAP before r " 8 

^C^^^esa^^ 

rty using preselected «^ dr ^^^ front ends, and a common host inter- 

so band modem software in combination wrth. ^ e '^^"™ ~ l0¥ edtor either the voice-band or the above- 
face (either serial or parallel). The same internal 1 «^^^^ m voice-band for use by a telephone set. 

voice-band modem, and the modem may ^^^Z^^ (DSP) implementation approach that 
The present invention provides a pwmMH ^^^SSL AM/PM (CAP), to be implemented 

allows different easting ADSL line ^^^^Tp^ntetion. the desired transmission rate can 
55 on the same hardware platform as a vo^e-band T^J™"*^^.^ requi rements. 

ateo be negotiated in real time to accommodate hne ^^S^ d each communication session 
This Rne code and rate negotiation process can ^rr^^ at the beg ij SubsCfjbef Unes (MDS u) 

through the exchange of tones between modems at j^®^Xv mo 

Sam initialization process is used for line code and rate compatibilrty. 
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AHhough DigHa. Sufcscrfcer Une (DSL) ^ is u«J to SSS SSSSTSX 

ephone .ines ^^^^^^Sed S£S2£j££. at a pressed dam rate. A 
modems are designed to provide service to a certain, '»«*™<>° ° riflh|6 . rate DSL (vrdSL) system. Using the rate 
new rate negotiation method of the present ^erfcon "^^^SSe o^Wis, conditional capabilities, 
negotiation method, the variable rate system adapts ^^^^^^^^ toop without 

rates can be varied depending on ^^^^^^ST^na VOD. videophone, multiple ISDN 
variable rate data link capable of supporting V particular DSL connection, available 

links, and new network access apphcations. can be adapted by the negotia- 

computational power, and any special application program W^"™"™ ™" data linKs ^ supports simultane- 
rmethod to a »-£«> sdhen, e ^SSSSSSST P-*? - 

ous applications requmng arbitrary mixes ' ' M te iephone calls. A part of the asymmetrical 

i^rsKsr ESS*- SSKSS- — t - — . * . -~» 

channel server. — « na rtinni«R.«i as well as connection-oriented (switched) serv- 
The DSL modem of the present invention supports connectionless as wen as connecu 

^The mtfhod of rate negotiation * prefer ^^^^^^ T^XE^ 
a variable-rate DSL (VRDSL) system that can ^^^^^J^^ inventionis not constrained 
a downstream transmission throughput of 1 ram 400 ^***™J^^Z Si poor line conditions is sup- 
30 to vary within the rates given by this example syaem.) ^rth^erthroughput ^^^T^^ This is con- 
ported Lower data rates also allow the design of less expense ™^«*'** J^^gw ^ 
with the midland DSL (MDSL) d^gn ^^^^^^^^Z^. VRDSL can 
Kbps link using the ^^^^^^S^ Z3££*» capability to serve a range 
be made compatible with ADSL Basically, tne v . /T* 3Xrvit based on individual line conditions and processing 

the present invention. SL network interface card was implemented as 

(Most >. SSi» dS (SU«) -n» «« M> fe. <t» 

invention is a simplif ied point-to-point link control P"*°* command/control communications between the 

The MDSL host interface ^J^^J^l^Z^^^ot host interface provides a aim- 
host and MDSL. line connection management and S *^^*T,^ 
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persive transmission channels. The direct equahzaton W^™*^™ ^JSnp data pa* the adaptive 
sanding rate A/D converter and a Wgh prec^j adap^e^er ^^^^^ in £ rec «ving path 
filter only needs a precision equal to *e symbol , , ^ ^ direc t equalizer system of the 

cal dispersive channels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

is The Figures are schematic for clarity. 

%Z S-e S purred er*odiment modem applications and ISDN signing; 
20 Figures 4a-c show prior art modems plus subscriber line capacity; 
Figures 5a-b show another preferred embodiment modem; 
Figures 6a-f illustrate preferred embodiment initialization; 
Figures 7a-f show preferred embodiment rate negotiation; 
Figures 8a-c show preferred embodiment synchronization; 
2* Fiaures 9a-d show preferred embodiment training; 

Figures I0a-h show preferred embodiment line connection management; 
Figures 1la-n show preferred embodiment modem drrver; 
Fiaure 1 2 shows preferred embodiment downloading; 
Figures I3a-g show preferred embodiment sampling rate conversion; 
30 Figures 14a-e show preferred embodiment modem pool; 

Sure 15a shows a channel transfer function of a 24 gauge 50 meter twisted pair. 
Figure 1 5b shows an eye pattern without channel distortion compensation; 
Figure 1 5c shows the structure of a conventional equalizer; 
Figure 1 5d shows the direct equalizer system; 
35 Figure 1 5e shows the direct equalizer with buffer; 

Figure 1 5f shows the effect of band rate equalization; 
Figure I5g shows the effect of double baud rate equalization; 
Figure 15h shows the effect of triple band rate equalization; 
Figure 15i shows the power spectra of direct equalized signal; 
40 Figure 1 5j shows a simulated direct equalization system method; 
Figure 15k shows an equalizer coefficient identification; and 
Figure 19 shows an adaptive transmitter. 
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DETAILED DESCRIPTION 
Overview of preferred embodiment modems 



Figure 1a shows a function* bio* digram of a «rst <%£«^££^ 0 7Z* 2£2 
preset invention. In Hgure 1a. modem 100 includes *£ Sog front end (VB AFE) 

line (twisted-pair) 140. which connects to a telephone company cental f™*™^*^^^ line ana- 
1 10 transmits and receives at frequencies m the vace-band (30 Hz ^^"^^ 4 KH2 ). a Splitter 130 
log front end (DSL AFE) 120 transmits and receives at frequences ^J^^i^ com- 
pacts to the subscriber line 140 and separates the ^^^^^^^^SJto the sub- 
ponents. POTS (plain old telephone service) occurs in the voice-band and a telephone may oe connect 
scriber line directly a through the splitter 130. /ncp\ 150 as oart of the DSL band data path 

and as part of the voice-band data patn our rypicairy usb* <v= t DS p ports will be more convenient than 
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. nci honH nrmmtion modem 100 may employ an upstream (from res- 

is connected to a host interface arcurt 160. high-bit-rate DSL 

Modem 1 00 can select from multiple line ^.^^^^ZT^^ M^ or consecu- 
modem in frequencies above voice-band or ^2!^lS^f£S- J» code programs can be stored in the 
five*, iust by switching programs bang «^*£^ F ^ 1 J ^aWnative line codes tor the DSL modem 

, DSP onboard memory or in auxiliary memory not shown "JJ^JJ^JE program executed by the DSP 150. 
operations (e.g. . a CAP or a DMT line code). an ^^^S^«^tD^gital 172anddflital-»o- 
Figures ib-c illustrate the DSLdata path portion* ^^^^TamplHier 180. F.gure lb additionally 
analog 170 converters, filters 174. 176. a tr^rmss.on dnver Jj-Jjj^^™,. internal with the clock 
expSy shows a phase locked loop 1 82 ckx* flenejoMhat ^™«* ™ ^ shows various optional 

, from the host (or the centra. ^g^^Srt programs. When modem 100 

1 % ur eldi,,^t^ 
lt£tas£m ? ^^ 

DMT logic which includes the brts-to-symbols inversions. equaii« 

ulator 195 logic and optional forward «^^^^ E ^ , a ^ icattons runninfl 0 n modem 100 interfacing with a host. 
w Figure le illustrates the rtJ^JJJJ SEES brtsLm scrambling, and multiplexing con- 

affwTle^^ 

30 "TlESX modes of operation, modem 100 may use software similar to standard voice-band modems (e g. 

V34 - ete ->- . w-i. =~w»h nwtem 1 00 for use on standard telephone twisted-pair lines at 

The present ^""^JjSS J " Sst mid-band digital subscriber line. The MDSL 
lengths up to 21 .000 ft This new ^J^^J^l^ £ separ i e the downstream and upstream transmitted 
35 modem 100 makes use of frequency ^/^^^S^Z> specific modulation schemes that may be 
signals. Although the modulation ^^ e ^ M . D D ^ ^!^e to achieving synchronization between the 
employed are QAM/CAP and Discrete Murtrtone ( D ^ a * J^f " eno „ p^ed as part of the invention. 
mSem at the centra, otfice (CO) a^^em at «Jf modem is cTerless AM/PM (CAP). 

One of the modulate schemes ^ ( ^So«drature Amplitude Modulation (QAM). The ma.n 

baseband. ^*_w cvnehronization Synchronization is achieved using the transmitted 

downstream speed (from MDSL-C to MDSL -R). T ™ ™^.~™. d MDS , are described later herein. 
MDSL-R access to local area networks. E ^ M ,^«^^ D 0 f^Xa PC a other platform directiy. 
» Prototype MDSL hardware was b^nan ^^f^^^^^emodu^on; network 
This prototype contains ti"» ^^^^™^^e£ P ROM and RAM; Combined D/A and A/D Con- 
physical layer framing and interfacing with the HOST iw wwe « necessary for implementation of 

55r capable of supporting the sampling rates. ««£*Jot! STanSn SSrterlace circuit 
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.inehasaDSLAFE^orte^^ 

£L office polls the AFEs to find «^^£?£^JS Fg^ lrtern et) or a 

modem connects to a remote access server on eJ **^2I^m5p*Ic switched telephone network trunk 
wide area network with constant bit rate data whK* ^JJJ^J^K via an out of band signaling method 
lines. The information sent by the resrfence Tpius telephone number sent in the voice-band to 
( e.g. similar to ISDN Q.931 signaling), rather ^J^^X^ I Socks of a centra, office DSL modem (the 
L analog arching and line cards. Figure ^f^^^So^ 260, Communications Controller 280 and 
DSL band is already separated fromthe ^^^^1^^ constant bit rate transmissions (voice. vKieo 
ARM or RISC processor 290. Themodem ^ZSSS^ (TDM) i£and packetized data (Internet Intranet pr, 
conferencing. etc.) being forwarded to »W«d 0™) bu ^ deptcts the terminology 

^el^couHbes^ 

be avoided. „ ,;„^inioH functional block diagram of an architecture of the present 

, Referring now to Figure 2d there may beseen aamp. "*£^™^ m architecture and a method that 
invention for a hybrid wireless wire-line network £WWN) J^JJSJ ^ „ aepi cted in Rgure 2d. Corn- 
distributes telephony, television and <MW*£ « ^^^^OWSgnals are digitized and may be sent via an 
municatJon distribution be* ns at the *^^^^^Sm can be employed to modulate the RF 
optical feeder link 2006 to a wireless distribution nodeZt^vanou ^ w^eless Network Unrts 

5 carrier which is upconverted for "rismissjo^othe «Zf*«*£££^ the Radto Frequency (RF) signate, 
(WNU) 2010 may be deptoyed in the ne.gr*orhood ^^^^ ^ coupled onto a Digital Subscriber 
'translate them to Intermediate Frequencies flF)£r. to i a J^ttSL Line (VDSL) or MDSL on the twisted pair 
Line (DSL) and transported via a Very-H^DJ^ate ^JJJJJ etum connecton platform to transrrut 
2012 to a residence 2014. In a two-way system^ arrt^n^wril^ pan or tn w cables via 

» flma«on bac* from the customer pr er**20 ^J^^J^ Jl**n network at the «*- 
hioh soeed modems transmit or receive the digital signals ,n »™™iSLd via an appropriate control channel. The 

Network control and '"jSttt'ZSStt and wireless dtetobu- 
present invention uniquely utilizes the capabilitiM^«h^^n^en^ dynamically controlled and fre- 

Son technology in an integrated transm^on networK Tend detected interference the system 

sssss 

band communtoation distributon ^^^^Z^U^NU) 2010. The final transmisston link to 
« back into the existing copper or ^J^^^J^Ji VDSL (or MDSL) receiver. System manage- 
the customer premises is made using a ^SL^DSy hne w^rw requiremem5 . Information selection 

ment is employed to ^^J^^^,SSSZ^ CperaTon Support System (OSS). Vari- 
2 SZ2K5EK SS 2332 *~ throu* the seven Open Syst«n Interco, 

tages of me other systems mentioned above. ****** 2£ JESSES Tenor Jate (BER). Additionally, the 
modems, higher data rates can be provided ^«2i2S^id2S as required. Modems provide access 
wireless feature allows for a ^J*»^* i^E2SE2X3« -creases customer access over sys- 

50 to multiple customers from a wireless network uratThs .rtegrated wireless network unit can pro- 

terns offering direct ditfribution to the CnXork architecture of the present inventon 

vide an interlace to connect to ^^^^.^S^erencing and supports 10 Base T Ethernet 
enables such features as higher speed World ^^f.^^^ 0 customer premises at an effective cost. 
100BaseT Ethernet and Asynchronous ^^^^^SSS modulation techniques. For illustrative pur- 

55 Various architecture embodiments^ fx Jjjjjj* ^teedto make effective use of any available spec- 
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efl«es, Ku-Band DBS and VSATand ^DS^m* network e^iment comprised of a wireless point to 
Figure 2d is a block d.agram of a f^^Z^^^ Another network embodiment might employ a 
multipoint system coupled .nto a corverTb^co^Mel^y sy«em ^ ^ess system is 

bus architecture for deployment .nto a coaxal system or ^f^^J^ Unit6 20 10 are deployed to cover 
made up of multiple nodes such as ^^^Z^'^^^T^Z the location of the centra, office, 
me desired service area. Terrestnal network deployment ^^^3^ uration depends on the number of 
headends, and access to node sites, buildings or towers. ^^^^Z^Lr and packefaer into the appro- 
Smers and the required data rates. At the ^;^ 0 ^ te s f n( ^ optica, terminal (FOT) 
priate data stream. Multiple modems Se amtna. 8to**«» video headend 

over an optical link to a remote node srte ^^°^^^Z^^ over the wireless node antenna. WNU 
integrates the video streams onto a FOTwhK^hnte ^ the end customer, 

equipment receives the transmission and translates the s*nal as & but not limited to a 

To establish effective communication using a h*he. ^ "J^jJ^ S rSnce. Referring to Rg- 
64QAM modulation scheme. ^^Sto^er^ Pattern. F*ure 2e show, 

ure 2e the node 2008 antenna can be deployed to ^ w j\°°^~"V . ^ tower or platform, anten- 

°4 nodes 2008a-2008d, with a transmitting tower Mc££ W£m «^nod ^ 

nas are arranged in sectors. For the purpose of ths °^^on sectors^ snown ^ 
tern is then repeated around ^£ ^ 'ess interfe, 



30 



35 



40 



Tablet 

Channel Capacity vs. Modulation Type 



Modulation 
Type 



FEC Encoding 



Theoretical 
Bandwidth Effi- 
ciency (b/Hz) 



Practical 
Bandwidth 
Efficiency 




Estimated #3 
Mbps Channels 



Practical # 
Chs. with Sys- 
tem Factors 



Sectorized 
# of Chs. 



45 



50 



55 



• , . • ^ . ^ QrtH +1,0 flftect of sectorizing. For illustrative purposes, a 3 
Table 1 shows channel capacity vs. modulation type and theefled £ JJJJJ^^ such as 64QAM with 
Mbps transmission channel was selected. As can be *een m£e table J an7Trellis inner code at the sym- 
forward error correction coding. Reed^Sdonx>n outer codefc^burj JJ^SXJlShw* ^ each modulation 

bo, .eve., provide a higher meet the ^ * 

technique can support given a total bandwurth of 780 MHz. _ to eo^ein alternated from sector 

nal to noise ratio required for 64QAM ^ ul ^ e ^1^^°!! sS to noise requirements. Taking into 
to sector. This would not be the case tor a QPSK system due to the ^Jh. practical number of 

account the aternating frequency plan for higher ^^^^^^J d^ing 6 sectors per node, 
channels which can be obtained and condudej ^^^£Z£lSXSio Tadiated power (E.RP). and 
Various other system factors .nc.ud.ng fcneanty, signal to no.se s ^^nwith adequate path link margin will deter- 
phase stability coupled with receiver noise f .gure. antenna s.ze. system gam wnn «wqu t« 
mine which technique provides the most cost ett^^es^em equipment Downstream RF chan- 
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10 



15 



20 



wcmm i~ unct * una driver data is courted via a splitter for separation of the voice and DSL 
demultiplexed. Using a VDSL (or MDSL) line dnve oaffl ,m ™P"» (QAM) signal over the twisted pair 

sion to the Node receiver. me existing copper line are transmitted 

Figure 2g delate the WNU20J0 , ^^^^^^^^ZlS^ premise The con- 
via the Very-High-Data-Rate D.g.tal Subscnber Un t (VD f L j^*Z ™ ^ 2) locate bandwidth and 3) analyze 
trol channel has three primary functions 1) pass <^ «^ Sed* the WNU to tune to the 

channel interfe^ 

appropriate channel. Broadcast information can De snareo^ requests are sent via control 
eouipment costs. For the second channel contrd function. *^£^£^Z>* Node where capacity 
signate to the WNU from toe customer ^^.^^^^I^ Z system will negate other user 
allocation is arbitrated and asagned. If ir^oerrt system resourc^^ °™ ^ network management layer 

rates in an attempt to complete the £T£ 'Zfg^ESZ SJ^lEEd. utilize the 

and can be used to bill customers based on actual date rate ^ communication segment require- 

management layer to determine the customer selected data rate and ^^^T^^ carrier fre- 

mentstoe node would only transmit on the chants required for ^^^jffSSii at the WNU 
quency) could be realized <J^»*J^ ^tttSEh action could be achieved 

allowing for dynamic transmit and ^^^l^^^T^Zr^ the need tor a guard band. Finally, 
tnrough the use of carrier to interference (C*) by 

, integrate the wireless into the OSS _ HWWN architecture. Since sys- 

As mentioned previously multiple networks deployed ™ QAM 6vmmet rical vs asymmetrical data), 
tern architectures vary ( e.g. one way vs two way ^"^^S in ^ benef its. For 
the impactof implementing a HWWN in ^^^J^^,^^^^ from increased line-of- 
example a satellite system with oneway tr ^^''' Z ^ way path back to toe teleph- 

, site, taster deployment, tower customer «M^«*JJI** pmbability. Thismeans about 33% do 

ony network. Current acquisition estimation for a DBS dish in the l US s r f 7 ^^ method of the present inven- 
noi have a direct line of site to the broadcast sateHrteto acqujre a sgnal "JJ JSKtdSSl oV handling the 
lion could improve the acquisition to greater than 90% provded copper lines are avaiiaae ano cape* 

. di9i M^teaoneway teneatr^ vtoe, 

e.,e examp^Again ^?J™%Z£££Z^ -eive 

Transmission of symmetncal payloads such as ^P^.^'^J 4 ^^,. ^ Coital compression techniques a 

t0 ^ilSSSL* w«h a HWWN dig** transntission 

and allocated the system ^^J^^^Zs^rS ^Slequency U 
so interference encountered. Figure 2h sur^nzessuch a^wmscap^ 6S0s per 40 MHz RF channel, 

trum allocation, a QPSK modulation scheme with no concentrafron ^Idprovrte 576 ut^ per 

The data rate per 40 MHz channel is 37.056 M"** SSSSwS sySeT^eafetthle rates by pro- 
sectorizing would increase these channel rates. A d^amcally ^^^SLtt* for guard band 
viding additional RF channel capacrty. Based elation * the^ment ^S^^frar^mLion entoodiment 
55 dynamic channel allocation could provxle an add*ona) 3 W ^annete AHWWN ogna several 
employing QAM modulation and interference measurement and control capabilities coun poiemw y » 
more RF channels to increase capacity or provide higher daterates at lower costs and the technol- 

m summary the HWWN of toe present invention can provide increased applications at lower cosis a 
ogy benefits of 1) increased spectrum efficiency and 2) reduce interference. 
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is 



cSnl oIK.. 1W. "*«. F*™ a. SZS^KSlS «*c«n M sebsoDw line 

awal wit*. 1M seme Sffroach ma, also be used m °^?2bS«™ SSwaled In M remote pedestal). 

to devices 340. 342. 344 with corresponding DSlmodems. teleconferencing end 

Figure 3c shows half of a teleconference system J™"™! " "IJ ^ e o« ice modem trans- 

haS rrLm 100 communal SSSSSS ^ ^ 
mils data between a concentrator and pac^tze^M^meFaowi across ^ public switched tele- 

ISDN like signaling messages and appl.es the 3S4 Kbps ^eamto ^^^^^ r< £~ng modem 100. 
phone network The centra, office 220 for the ^^X^S^S^^^ with modems 1 00 for 

J5S5 SJiTSS S««SU the ISDN — Pan (,UP) 
messages for call set-up and tear-down the neiwak. features of both a DSL AFE 1 10 and a VB 

Figure 5a shows multimode modem 500. wh«h .ncludesthe J™^^^ 510 ter connection to an 
AFE 120. with a splitter 130 for subscrfcer ■» «nM «^ ^^^ e 144 output as could 
, ,SDN line 142 plus an audio front end 520 tarM ^^^^^^e^OM or Rash EPROM) 

The transmit part of modem 100 consiste of '^^^S <Snplex decision feedback 
o as a portion of QAM transceiver logic; and the ^^"^^^^^ckSers implemented as a 

equalizer (DFE) with in-phase ^^^^J^^^Sl a Vrtertt decoder. 

portion of QAM transceiver logic. Optionally, the QAM fransceriwIogicTO^ncua^ tunction- 

When modem 500 is active, modem 500 may provide modem « the foregoing . 

a.ity. ISDN functionality, audio functionality, other ''^^^^^^^^^,^^^™.tanecSy imple- 

. The present invention also includes a qM» osT«£ terrestrial and other wire- 
mented in a single DSP hardware ^^^S^S^tiimcSp dice. This is now becoming possible 
less, and/or satellite modems are implemented arTwttaneously^meswne £» r ™ overall system 

with increased processing capabilities of DSP devices. TheadvaW £oceU"g requirements are 

cost where the system requires multiple modems (eg.. Remote Aaess ^Systems ^^^^ and 

„ reduced due to reductions in processing overhead and ^^^^^ ^^^0^^,. 

2£ Se modems, as well as better faciWaJng fen ^^^tl^S as DSP MlPScapa- 
in the near-term, the following situations will ^^^^^^Z^Zd^ in same DSP; 

IMlTDSLe^teteWeleNli^ewAe^ „ DSL 

acriber Unas (SDSL), and va^«gh»«» DigW «e«e|*ejl«i S^tSZST 

« .yetem « <»««>«« en tr» lew "^^"^-^^t^aS^BJ). » <*> 
Tfte no«e environment dan be a comttnatod ol ee« or h«n Neer era v u~ v 
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praol HDSL lor rapatMrteaaTI 000 t^^s. "^**^*^^^I' 1 "^^*^^*J*^J^^2?^u^rf^«^^«i«^ 1 ^ ^3wT*IUfci«^c^2^? 

6c depicts a block diagram da CAP trai^vw_ 6 i 2 and to filter 616. Rlter 616 is connected to 

^^^^ 

systemdividelthe^ 

nel distortion in addition to all^ngtara ^^^^^ f ^^ anef domain equalizer completes the 
^"depfctoao^dia^ 

which is connected to transmitter 646 whi* . ^Sr ^^oo^SS SliE*ee6. Startup 642 
n which is connected to A/D 632 which is connected to equalizer 664. wn.cn is conn** 

and time recovery 668 circuitry is also included. hardware cost and tower crosstalk 

One MDSL modem embodiment uses frequency (fivwon M between a central 

noise .eve.. Su* an MDSL ™^^V!T^5^ 2^S?Sons. t» MDSL modem 
office and a subscriber tor a loop length ofi* to21 ^Urioerw^e ^ capabilities of 

„ can provide a ^ ^^^ e °^TS sTS^S^Sem oommunteates with ADSL 

30 674wh te hiscc.n^toa««er^ 

circuit is also connected to <^^'""£*» r ^T 1ne oentra i office clock timing, 
the received signal. Timing recovery block 684 * used to re ^!! e ^ | ^ a me telephone subsaiber loop 140 at 
The purpose of the HUMton ££• " ^ Z channel 620. and produces 

both the central office 220 and the suosaioer-ena ■ » r rtng ^pie choices are avail- 

3 5 information useful for transceiver training. The ^^"^^1^^^^. or usage tariff. 

able, and negotiates the <™^;£^ rate negotiation. 

The initialization process which is described later herein is. cnannei »*uu ^, 

and transceiver training. . in .^stream band for a certain duration, with or 

or necessary. . 8 ii>scriber-end has determined the line code capa- 

Atter the initial channel probing period, the MDSL ^~"™ a ^^~T*^~~^ ea _ ^nd and. similarly, the MDSL 

capabilityfcreference by sending signature tones for a ^™ ™ e ° u ™° ' ^ a redefined time duration. 

<W«» ™ MDSL «»*""■ £ SS£2?J3?il SLSonMOSL mode™ dewm»» . «e dWce MX 
a at Hie correal «»• end responds w* its capaHHies and as ™*~*"/~~ ~et„««» at me eubealBer-orrd 

a predefined rata chpnge ^ "^i'^S^TnS. C««*<W r... 

communication session due to line condition change or user choice ,s allowed. 
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«. - ^ - •SSKSKE SSC£Sw' «.-•-—■»« 

and downstream CAP tones 692 are aepiaea o" re0 resent phase shifts. 

are depicted on the right The troken" lines * r ^^J£ ^ ^ ^ arrplitude a,, and phase 

For arrplicrty. all frequency tones are oHhTeceived tones may be detected. The 

^r^ 

equivalent channel including filters at frequency « .6 



V 

"I 



' a 



S' f( *'* 9/) ./«0 



(A) 



is 



20 



25 



30 



35 



The impu.se response of the equivalent channel can be calculated by a fast Fourier transform as 
a channel impulse response spread of n sampling penode, 

(C) 

A/ «s S/n - NA f/n 

where Bis me total band^rt insert. tones may be reversed by 180- fa one of the line 

For a chann* spread of 30 sanies and a IM» mdT « 00^ select phase 
The channel probing tones shou* at l ^J™^ channel model recovery, 

alternation, the channel probing tone d "*X^ constant tones. Because the 

set of tones, e.g. only two, three, or tour different frequencies. 
The following is a list of example messages. 



40 



384 Kbps/CAP 
768 Kbps/CAP 
1.544 Mbps/CAP 
2.048 Mbps/CAP 
45 384 Kbps/DMT 
768 Kbps/DMT 
1.544 Mbps/DMT 
2.048 Mbps/DMT 
Prefer Highest Rate 
so Prefer Best Price 

Packet Multiplexing Allowed 
Only Low Rate Available 



55 



mation of each tone is r ^"^^ used for citing the channel transmiss»on 

is calculated. Compensation produces a complex vector wnicn >» 
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probing tones tor a P r **'^™^^™™ tes tor me random phase, stores them, and calculates the upstream 

srrsstsss^" -» - — * - — * - 

downstream frequency band. • tones comnensates for the random phase, stores 



, tors of a DSL system. .^ r . w fhe line condition for which service is to be provided. This 

potential. The invented method provides a sysierraw pr owu traditionally engineered. In fact, 

, o, each .oca. loop, enabling SSKTS. ££2£h are ™.y MM by the 
this method enables e majorrty of DSLmodems to ^^^^^^^^^^ adaptation in order to 
capabilities of the modem hardware. The rate negotiation method also P"^*™"^ 

determined by the bandwidth used, the recerveo *W™"J~ a mat ^ ^ supported by extremely long tele- 

a*on method will increase the DMh b, JJ^^J^ ™ on sLer toops to achieve 

phone subscriber loops while providing high-rate options that aiiow uol muuem* «v v 

>5 a higher throughput. «»*H*nQi transmission medium. The DSL is a time var- 

The rate negotiate mejod «£d« ^^^S^ SnTS^ As the channel conditions 
ying channel whose capacity may change due to a ^ characteristics die- 

change, the theoretical maximum throughput also jT^2lEEi!5E ShSSS time. This provides 
tates the need for rate negotiation techniquesto ach.eve the most J^^^actenltics by towering the 

40 the capability for maintaining a DSL connection dunng ^^^J^Z^^e connection during 
throughput. This also enables the modem to increase the throughput and " ™^ nnel and ^ 

penclsTfa^^ 

mize their throughput as conditions vary. A practical *^ mtt *^T m .m orocessing resources, and the 

„ Z2S2 ^rrtSZSZ EZ£ZV2 ST^SISZ tsss, 

services terminated at the local CO, such as internet ^f 1 ^^™ ° * teckbone throughput to each 
throughputs can be made depending on the preferred ^^J^^^J^^^^Z^ appii- 
VRDSL modem can be different at different times. The subscriber-desired througnpur coun aiso vary ro 



cations. 
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- .u=4 ^muiriad bv the VRDSL physical transmission link, traffic concentration can 
Wrth actual throughputs lower than that P™<*ed by the V "MLF»" separate analog front end 

be realized at CO backbone networks. ^^^'^^^l^Ss oe 5 than the number of 
tor each CO VRDSL modem. ^e = «f^ of ^ ^2^ of the CO VRDSL modem 

copy of the digital state portion of ^^^ e R ^ d ^ ^ is to aid in understand- 

The VRDSL communications model * ^^^"^^J^^VZ^L residence 7210 and central office 
ing the disposed ^Jj^S? 2 SSSSS- 7210 * show, on the 
7220 layered representations of functional s ^'°"^ ^ jcn contains the modulator/demodulator, signal 

, left The lowest layer 7330 is the Commun.cat.on "^^^'^^^so * referred to as the data pump 
condrtioning, timing, synchronization, and ^V^^^,^^^^^ and other data packag- 
,ayer. The second layer 7320 is the Hardware Control ^^^f^Z£%" m ft. Software Driver Layer, 
ing functions that better cxgaruzetr^data^^elo^ ^ ^ ^ reBidence . Tne 

This layer provides an JS^STS^^ * *• "P* 8 ** 0 " P' 0 ' 

s fourth (top) layer 7300 is the Application Software Uy^wn^nwma throughput allocated to different 

. TheCO^Opor^ 

interfacing the DSL connection to the backbone network ^ ^ the , ayer below and above. 

In the rate negotiation method, each layer of the model comm *«JJ^ "JJJJ ^ indicate r (Rate 

« A standard protocol for communication '«^* n !j: h iCi 7a along wrth a corresponding 

request) to a lower layer in onJer to ^^ ^^ £gS£?JL ,ayer to inform the *per layer of 

the achiwaWe rates. A is depiciea in ngure * •* . x-. -jmcess of negotiating is similar. 
A information is different for the different ^^^T^^^Z ^twTn layers. The rate table defines 
30 A rate table is defined as a common syntax tor ^".^"g^becwE by the hardware limitations of the 
the rates that a particular layer can attemptto f^^^Zl^T^T^ ft. rate structure. If 
modem.) During a rate request (R). an upper layer ^^^^^ereandachieve the requested rate, then it 
the lower layer is able to reconfigure rtseW to • ^^^SJSI^S!^ rate to be ""acceptatte. the 

. iT^rS^ 

(A) A lower layer can also innate rate negojation .ft. ^^^ A ^^-i-eS^ 
throughputs. The upper layer is informed of the new set of achievable rates (A), "me uppe ay 

• 8 ^ESSE? SSI "egotfctfon mefrod. AHhough the parameters of the rate ta*e are 
different at each layer interface, the interaction r^«te are iTLr* between it and the corresponding layer at the 



tral office: 
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50 
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interest in the CO or the backbone network. 

a . . - # . a ^ tawe a we ii-defined set of achieve rates that can be com- 

The basic requirement for rate adaptation is the rate table, a wen-aenneu o 
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mun*tedtothe W er,ay~o^^^ 

hardware at both ends of the connerton. Dunng a ^ channel condition are then repre, 

entries which they are both ^«^ rt tlTaJ communicate via the rate-table syntax without 
sented as legal states in the ^^^^^StS^ from one modulation and/or coding scheme to 
concern tor detail in other layers. Th JKSenEi on channel conditions does not change, 

the next, but the concept of allowed and d.sallcwedj«es d^r^.r^on c ^ ^ Communi- 

r6Ctty A method of changing the 

symbol rate constant. Increasing the M**dM> repented ,n*ch symW ^ ^ ^ 

sr.: ^x^^^^^^- - ^ remains - 

channel. By expanding the bandwidth, a gr«*er ^^^^^cesslng requirements of the DSL 
interval. The symbol rate is * ^^r^rTJir computation for modulatiorVdemodula- 

tTofpirameters descrttng the commu™ca«on link and me set of values whfch the parameters may 

assume is defined. . minimum rate step by which a DSL modem can change 

Let the nominal serial transmsswn rate be R. D f "®^^ n '7 2 - dR thenthe set of achievable rates is given by 
as dR. H the minimum rate is R - 2*dR and me maximum JJJ*£*£^ dR . 100 kilo-symbols per sec 

{R - 2 .dR.R^R. R. ™«-™' a «lIZ?^ oM m ^SSSSSU«wt . _ 

ond. Tne set of achievable rates become {100. 200/ f^^SS SCTsymbol. For example, a VRDSL modem 
Let N represent the ^.^^^S^Sh will £™y more bHs in a given period, but 
might support operation with N in the set {2.3.4,5). i ne nigner a. 

- S STn m^etTand assuring they are allowed to independentiy assume me values above, a 

rate table can be defined as follows: 



40 



45 




50 



Table 2. Serial transmisaion (e.g. CAP) rate table example. 
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bands with high signal-to-noise ratio (SNR)) are used to transmit symbols with a larger number of bits/symbol. An 
unequal number of bits are assigned to different subchannels, depending on the available capacity of each subchannel. 
Essentially, the data can be distributed among subchannels in a manner allowing very efficient use of the overall band- 
width. 

As with the high-rate serial data stream, the overall bandwidth of a DMT system can be increased or decreased 
according to the overall desired throughput channel conditions, and modem hardware capabilities. Additionally, DMT 
modulation provides the capability of dropping or adding bandwidth a single subchannel at a time. For a DMT system 
with a large number of subchannels, this creates a very large selection of possible bandwidths. If desired, the number 
of subchannels can be varied while Keeping the overall bandwidth fixed. 

For simplicity, consider a DMT system where the subchannel bandwidth remains constant, but the overall channel 
bandwidth used is controlled by the number of subchannels used. Let T represent the number of subchannels or tones 
used in transmission. Let N represent the average number of bits/symbol across the subchannels. N is no longer 
restricted to be an integer as with the high-rate serial transmission system. For this example, however, consider N to be 
approximately an integer valued. The following is an example of a rate table for DMT: 





T-82 


T- 64 


T-96 


T-128 


T* 160 


N = 2 


200 kbits/s 


400 


600 


800 


1000 


N-3 


300 




900 


1200 


1500 


N*4 


400 


800 


1200 


1600 


2000 


N = 5 


500 


1000 


1500 


2000 


2500 



Table 3. DMT transmission rate table example. 



The parameter T represents the number of subchannels where each subchannel has a bandwidth of approximately 
3.3 Khz. N represents the average number of bits/symbol represented in ait the subchannels. The table entries are 
given in kilobits/second. 

An actual DMT rate table might add or drop subchannels by increments of one. Also, the number of bits assigned 
to each subchannel can be independently controlled. Thus, the DMT rate table has the potential for very small rate 
increment adjustments. 

The Software Driver Layer 7310, 7410 communicates with the Hardware Control Layer 7320, 7420 by means of a 
rate table very similar to those previously discussed. However, the table parameters and table entries will be different. 
After synchronization, demodulation, error-correction decoding, and the stripping of hardware control bits, the resulting 
rate table for either of the underlying modulation schemes considered above might be: 





crl 


cr2 


cr3 


cr4 


crfi 


N-2 


192 kbits/s 


384 


576 


768 


960 


N a 3 


288 


576 


864 


1152 


1440 


N = 4 


384 


768 


1152 


1536 


1920 


N = 5 


480 


960 


1440 


1920 


2400 



Table 4. Rate Table Used for Interaction Between 
the Software Driver Layer and the Hardware Control Layer 



The column parameters are labeled as different channel resource modes (crl , cr2... cr5) , while the row parameters 
correspond to the average number of bits represented by each symbol. The entries represent the achievable rates for 
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the -Corrected' data stream .n the VROSL 7400 and software Driver Layer 

Rate adjustment information between the '^^^^SSSSl^ For simplicity, the Software 
7310. 7410 can either be specified .n terms of a 4 rat «^^^^;°,^ ge[TOrTt Actions in the Appli- 

^e^nceoS view of partitioning and managing the total data throughput 
P SaTe nSSK IS *?lnk layer te initiated by the following events in VRDSL: 

- A request for changing the current location of the data connection or channels in VRDSL such as requesting a 
ZXSZ OTJtEK'S! Sine, capacfcy change either total channel capatfy increase or 



decrease 



15 



20 



*« - r^^SSSSSSS^ 55SSS522 

««PPP<)alaH*la»« wine . ThppioWtf field iridMM type o^'" »™« w 

PPP LCP. It has the following special definitions for VRDSL 



25 1 3 Channel map change Request 

1 4 Channel map change Nak 

1 5 Channel map change Reject 

16 Channel map change Ack 

ID: THe ID field is one octet and aids in matching requests and replies 



30 



Channel Map Data: The Channel Map Date *eld is 2 f ^^^ h ^^ two of information repre- 
in the VRDSL line and the request for a channel change. It contains its own header ana two pans 

sented by channel entry field: 



35 



Current channel map 
Channel map change request 
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mt fc^SS 1p chaw «w* ■> — •**■« « * « "» • - hgh 

sum of all 16-bit integers in the message (excfudir^ me chec^ fie^ procedure is 

HW« n egolMor, **. «" »• t-ePertssien r«P. »« «a* 

modems to initialize their communications. To ga.n synct T^^eT"^^ 61 ^ ** m KB - C ' 8nd ° 
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reference in the calling modem receiver. After the second symbol sequence the answering modem will start transmitting 
a symbol sequence that is known by both modems. This sequence is used to train the equalizer at the calling modem 
receiver. Figure 8a depicts a V.32 training constellation. 

The frequency response of the voice-band channel (30 Hz to 3.3 KHz) is nominally flat. The alternating ABAB... and 
5 CDCD.. . symbols can be reliably detected before equalization of the channel. However, this is not the case for the MDSL 
modem. For a 1/4 T1 . modems use the spectrum up to 500 KHz of the telephone line. Figure 8b shows the frequency 
response of a telephone CSA loop 6. A startup procedure that allows for partial equalization of the line is required 
before timing synchronization is attempted. 

A preferred embodiment uses a startup handshake procedure for the MDSL modem. It uses an algorithm for imple- 
to mentation of the receiver portion. 

Figure 8c shows the time line for the proposed startup procedure for the CO and RU MDSL modems using CAP 
line code. The table below identifies the various segments of Figure 8c. 



15 


Segment 


Description 




A,D 


One orthogonal channel is a repeating K-symboi sequence using the maximum value of the CAP con- 
stellation. For 16 constellation points, the channel can take on the values of +A3. 


20 




The other orthogonal channel is a random sequence using all possible points of the CAP constellation. 
For 16 constellation points, the channel can take on the values of V-1 , or +A3. 




B.E 


One orthogonal channel is a length K sequence that is the inverted version of the K-symbol sequence 
used in segment A. 


55 




The other orthogonal channel is a length K random sequence using all possible points of the CAP con- 
stellation. For 16 constellation points, the channel can take on the values of , or +/-3. 




C.F 


One orthogonal channel is a length L random sequence using all possible points of the CAP constella- 
tion. For 16 constellation points, the channel can take on the values of +/-1 , or +/-3. 


30 




The other orthogonal channel is a length L random sequence using all possible points of the CAP con- 
stellation. For 16 constellation points, the channel can take on the values of . or +/-3. 



The startup procedure is as follows: 
CO MODEM 

55 

1 . The CO modem is assumed to be always "on", but in an idle state. It continuously transmits segment A and lis- 
tens for segment D. 

RU MODEM 

40 1 . The RU modem comes on line and starts listening for segment A from the CO modem. 

2. Once it detects segment A, it begins transmitting Segment D. 

CO MODEM 

2. Once the CO modem detects segment D from the RU modem, it transmits segments B,C, and valid data without 
45 further handshaking from the RU modem. 

RU MODEM 

3. The RU modem listens for segment B and once detected, it transmits segments E, F, and valid data without 
further handshaking from the CO modem. 

so 4. The detection of segment B is the critical timing instant in the synchronization procedure. After it is detected, 

the RU modem begins training its equalizer using data from segment C. 

CO MODEM 

3. The CO modem listens for segment E from the RU modem. The detection of segment E is the critical timing 
55 instant in the synchronization procedure. After it is detected, the CO modem begins training its equalizer using data 

from segment F. 

The receiver makes use of cyclical equalization techniques to obtain initial timing synchronization. On startup, the 
RU modem sets up a fractional spaced adaptive equalizer that is equal in time duration to K symbol periods, for exam- 
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pie, Kmaybel5. This will be called the sync equalizer. If the sync equalizer is operated at two times the symbol period, 
the number of taps required is 2xK. For four samples per symbol period, the number of taps required is 4xK, and so on. 

The receiver uses the same K-syrnboi sequence as the transmitter for the training data of the sync equalizer. 
Because the length of the equalizer is a multiple of the symbol sequence length, the relative phase between the trans- 
5 mitted sequence and the receiver reference sequence does not matter. 

Once the sync equalizer mean square error Calls below a threshold, segment A has been detected. The receiver 
stops the adaptation process and analyzes the coefficients. It then rotates the coefficients in a circular manner so that 
the N consecutive coefficients with the most energy are grouped at the front of the sync equalizer fitter. N is the length 
of the orthogonal adaptive fitters used in CAP demodulation, (see the following paragraphs). This aligns the symbol 
to period of the receiver with the symbol period of the transmitter. 

After rotation, the receiver continues to fitter the signal, but does not update the sync equalizer coefficients. The 
output of the sync equalizer is then passed to a length K matched fitter. The matched f iter is used to detect segment B. 
Its coefficients are the transmitted channel sequence B. Since this sequence has only two values, a binary correlator 
could also be used. 

is When the output of the matched fitter (correlator) is greater than a threshold. The receiver knows that the next sym- 
bol is the start of the training data. The receiver now implements the orthogonal adaptive fitters used in CAP demodu- 
lation. They again are fractionally spaced adaptive equalizers whose lengths depend on the impulse response of the 
actual physical channel. These demodulation equalizers are trained using the known training data of segment C. After 
training has completed the demodulation equalizers enter a decision directed mode where the reference data comes 

20 from the CAP slicer. 

Referring now to Figure 9a, there may be seen a time domain equalizer training sequence for use with DMT line 
code. 

The portion of this invention for DMT, instead of using the usual frequency domain training sequence, uses a time 
domain training sequence depicted in Figure 9a. The basic unit of the training sequence is a random datablock { x n }. 0 
25 <, n < N. The entire sequence is arranged so the random data block ( x„ } repeats in time with the sign of data block 
alternating every two blocks as shown in Fig. 9a. 

For easy description purposes, the following notations are used: time domain equalizer taps w,; channel impulse 
response (including time domain do equalizer) tv, the receiver data before the equalizer y m [n], and after the equalizer 
z m [n], where m denotes the label on data block. The received signals corresponding to the transmitted signals in Fig. 
30 9a are as follows: 
frame number 

n act 

35 kmO K.1 

n oo 

2- * 2 [n] - - £ *n.K * h k + £ *N.k • "n*A + Pn 
Ar-0 *-1 



40 



46 



50 



55 



n 



3. 2 3 ln] - - £ x n . k • rv Z *N-k + Pn 

kmO fr-1 

n » 

5. z 5 [n]mz,ln] 

where, p n is the pilot tone superimposing on the training sequence. The second terms on the right hand side of the 
equations are attribute to the inter-symbol interference from the previous frame. The second term can be separated 
from the first term by performing the operation: frame 4. - frame 1 . 



v„_, J 



0) 
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Assuming prefix length is L the idea) channel impulse response is 



h k k<L ( 2 ) 
0 **L 



w The condition (2) can be satisfied if the time domain equalizer w ( is chosen such that 



15 



20 



25 



err[n]«0, torn 2 L • 1. 
It is easy to prove that equation (3) leads to a set of linear equations 



0 - Vt. 



(3) 



(4) 



if the training sequence is chosen such that x^ * 0. the unique solution of equations (4) will be rv • 0. for k £ L Which 
30 is the same as (2). 
Since 



35 



K.O 



equation (1) can be alternately written as 



40 



err[nj - 5> 4 [n-/c] -yJn-W • w* 
ft 



(5) 



45 



50 



Combining (3) and (5) and using general IMS algorithm, W) may be found by doing iterations: 

w,l*+1] « w { [k] • 2 • m • errln] • (y 4 ln-/J - y^n-/]), n * L-1. 



(6) 



The frame boundary information can also be derived from above training sequence. As seen in Eq. (1), if the block 
of the training sequence is much longer than the channel impulse response, em[n] approaches zero as h N ^ -> 0 when 
n increases to the end of frame 4. However, when data starts in frame 5, 



( n } 
err[n] = z 5 [n] • z 2 [n] » 2 £ x n . H • A J . 



(7) 



55 



For ADSL applications, since there is high attenuation in copper wire at high frequency, the channel impulse response 
\ does not expect to flip the sign very frequently. If the values of x n at the beginning of the training block (xj have the 
same sign, the summation in equation 7 will be constructive. Consequently the amplitude of errfn] starts to increase at 
frame boundary n ■ 0, Rg 9b shows the lime sequence of err[n]. As shown in Fig. 9fc the rising edge of the derived 
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sequence errfn] can be used for frame synchronization, and the trailing edge of errfn) can be used for time domain 
equalizer training. For the same reason as that of in the rising edge of err[n], to make the summation in equation (1) 
constructive the elements of the training sequence at the end of block xm. k should also have the same sign. 
The above sequence can also be easily detected by doing the operation 

5 

det[n] -7 3 [n] + z,[n] - 2 • p n (8) 

Comparing the power of frame detfn] pwrjjet to the power of frame z[n]pwr, tf pwr_det«pwr, it indicates that the train- 
ing sequence has been detected. To end the training sequence, one can send the data block pattern as shown in Figure 
to 9c. Then the corresponding received signal are: 

Frame: 

n x 

,5 3. z 3 [n]= - £ x n , k • h k - £ x N . k • h n + k + p„ 



20 



*.0 



*-1 



In this case the detection signal is 

25 n 

detfn] • z s ln] + z z [n] - -2 • £ • h H + 2 * p n t (9) 



30 The power of this detection frame is greater than that of the data frame, pwr_det > pwr. Once pwrjJet > pwr is detected 
in the received data stream, the DMT receiver determines that it is the end of training sequence. Since the data pattern 
for the end of the training sequence is inserted in the frame 5, which is used for frame boundary detection rather than 
time domain equalizer training, it will not affect time domain equalizer update. 

Following the time domain equalizer training, the transmitter should send another sequence (yj to train the fre- 
35 quency domain equalizer. The frequency domain equalizer training sequence can be made of exactly the repeatable 
block {y n }]. Figure 9d shows the entire training sequence. In the regime of training sequence {yj pwrjdet remains high. 

The tine management part of the MDSL allows the host software to preconfigure the MDSL to work under Leased 
Line with Single Link mode. Currently, MDSL uses the following modes: 

40 • Leased line with single link (LLSL) 

• Leased line with multiple links (LLML) 

• Switched line with soft dial (SLSD) 

• Switched line with hard dial (SLHD) 

45 Under the LLSL mode, the telecommunication line is solely committed to the MDSL communications with a remote 
MDSL system. Only one data link is allowed under this line connection mode. So the link management is the same as 
the line management 

The LLML mode works the same as the LLSL except that it allows multiple link connections at different speeds 
within the same leased line. The number of links and the link speed can be configured dynamically to the capacity of 
so the line speed. Under this mode, each (ink works like an independent leased line and follows the same line manage- 
ment scheme, except that it is link oriented. 

The SLSD mode works on a switched MDSL line on which the MDSL-R modem is dialed automatically by the 
MDSL-C which is controlled by a remote server. Under this mode, the fine management follows a special MDSL dial-up 
procedure that is independent from the Plain Old Telephone Service (POTS) line. The MDSL modem dial-up procedure 
55 is defined by the MDSL modem's internal initialization process. It has 2 dial-up IDs, one related to the MDSL-C port and 
the other related to the MDSL-R modem. The ID for MDSL-C port could be just the subscriber phone number plus 1 
digit; by choosing it to be 0 and the ID for the MDSL-R modem could be the subscriber phone number also plus 1 digit 
selected to be 1 . The other 8 values, from 2 to 9, are reserved. 

The SLHD mode works in a way similar to that of voice-band modem but with MDSL dial-up procedure. The MDSL 
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modem will either store a phone number or be dialed manually by an application. 

The following sections will describe the MDSL line connection management under Leased Line with Single Link 
mode as an example of mode operations. 

The MDSL Line Management Host Interlace allows the host software to configure a line to be ready to send/receive 
5 data packets. Host software can also manually halt the line connection to stop the data flow. 

The line configuration command in MDSL Line Management Host Interface is used for host software to configure a 
line into one of the MDSL supported line modes. Under LLSL mode, it also sets up the sending/receiving data rate, 
maximum frame size and data link protocol. This command is usually called during the MDSL initialization or error 
recovery process. After a successful execution of this command, the MDSL under configuration is ready to send/receive 
w data packets through the line. For LLML, a data link has to be opened/created to allow the data flow. The line configu- 
ration of MDSL is an asynchronous procedure. The HOST will be notified that the line has been successfully configured 
by the line connected" interrupt generated by MDSL The line configuration process in MDSL is depicted in Figure 1 0a. 

Host Interlace: 

15 

MdslUneConf igure(IN LineMode, IN TxSpeed, IN RxSpeed, IN MaxTxFrameSize, IN MaxRxFrameSize, IN TxPro- 
tocol, IN RxProtocol) 

The LineMode input parameter specifies which line mode the MDSL is to be configured for. It has the following def- 
initions: 

20 

0 - leased line with single link 

1 - leased line with multiple links 

2 - switched line with soft dialup 

3 * switched line with hard dialup 

25 

The TxSpeed and RxSpeed give the upstream and downstream line speed. 

The MaxTxFrameSize and MaxRxFrameSize parameters specify the maximum frame for sencfing and receiving 
data. 

The TxProtocoi and RxProtocol define the physical layer framing protocol used for transmitting data. Currently it 
3D has the following definitions: 

Bit 0 - Bit 1 define framing protocol name: 

00 - Raw MDSL (no data packetizing) 
35 01 - MDSL specific packetizing 

10 - HDLC (High-level Data Unk Control) 

Bit 2 indicates if there is packet header compression. 
Bit 3 indicates if there is packet data compression. 
40 Bit 4 indicates if the data is encrypted. 

In MDSL Line Management Host Interface, the Halt Line command tells MDSL to stop sending/receiving data for 
the data flow control, it flushes all the internal data transmit buffers and status flags and sends a message to the remote 
MDSL to notify the request and manually put the line into line disconnected" state. This command will take effect only 
45 when the line is in line connected" state. Otherwise, it will return error. Halt Line is an asynchronous process, the HOST 
will be notified when the line has been put into the "fine disconnected" state as depicted in Figure 10b. 

Host interface: 

so MdslHattUneO 

Inside MDSL there is a line state engine used to monitor the line status for reporting line hanging or unexpected 
incidents. In MDSL leased line mode the following line states are defined: 

• Line Drop - line is unplugged or broken, no physical signal is received 

55 • Line Disconnected - line is physically connected but is not ready for data transmission 

• Line Connected - line is ready for sending/receiving data packets 

MDSL Line Management Host interface provides two ways to get the line status information. 
One way is calling Get Line Status command: 
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MMMUnM-PUT ^^^^Tlmation descrtoed above. The UneConfigure is a struc- 
The UneStatus parameter returns the MDSL w^JJ« "J MdsiuneConfigureO command. 

ture which is used to store the line <*«*^ n ^^*£* staSs *ange is by registering the line management 
The other way tor ^^^^^ ^<££~£ happened. The events related with hne 

events MDSL will allow host software to be .ntenupteo wnen 

management are: 

kinds of Une Control Message Packets are delmed: 

20 • Une Configuration Command Packet 
. Une Halt Command Packet 
. Acknowledgment Packet 

c- ,nn mav be seen a depiction of the format tor the line configuration command 
Referring now to Figure lOd, there may be seen a 

25 ^is 1 octet and aids in matching commands and replies. 
Length is the packet length in octete. ...... 

Configuration Data Contains the following information. 

ao • Une Mode defined previously 

. Data Sending Speed 

. Data Receiving Speed 

• Maximum Sending Frame Size 

• Maximum Receiving Frame Size 

35 . Data Sending Protocol defined previously 
. Data Receiving Protocol defined previously 

ID is 1 octet and aids in matching commands and replies. 

/ .i. tho ^hor.kRiim fldtdV .... ~4 nn ^ot 



45 



uneci»u"' io — ° 
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55 



2 - Une Configuration Acknowledgment 

4 - Une Configuration Reject 

6 - Une Halt AcKnowiedgment 

ID is 1 octet and aids in matching commands and replies. 

Length is the packet length in bytes. 
Status Code has the following definitions: 

SUCCESS 

Unrecognized packet ID 

Part of the configuration data is not acceptawe 

Configuration is completely rejected 
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. Checksum error 

OateoonteinsOorevennur^rofoct^ 
""SSlm is corvee. uang the stendard TCP/IP a*or*hm: the one s complemen. of the sum of a.. 16*. .nte- 
gers in the message (excluding the checksum initialization process. This process contains 
After power on. the MDSL-R ^^S^SoSo^r^Ter .raining. After tine initia.iza.ion proce- 
four steps, channel probing, .me ^^Se m this moment is "disconnected- as defied before, 

dure, the MDSL-R transitions to a standby rnodaTnenne «w MdslLineConfigureO com- 

o Upon detecting that the line has been physical * command packet to MDSL-C wito 

mand to MDSL-R tor line configuration. MDSL-R .h^ sends <^^\^ ft e configuration date. MDSL-C 
the configuration data. After receiving the I«»(JWW SSSTi ?e MDSL-C cannot accept the configura- 
S serxfou. an artnowledgmen ^« o«*rm ^ specifying what Kind error Uisjf 

^S^nSTs SlM « stays connected unti. ft. foltowing events happen: 

. The line is unplugged or broken 
20 • The MDSL-R is powered down 
. The MDSL-C is out of service 

, ~ uhqi r i fi nowered down a Line Halt command packet will be sent 
Whenever MDSL-C is going to d ^"^ until either an acknowledgment pactet 

Une Halt Command betoreit is o^^^ friendly, efficient and low-cost interface to a 16-brt 

The MDSL host interface is intended to provide a «npiej»« j 
oo hosuLolier. The host interface will provide me following functons. 

, ^ hBtwBan the host and the MDSL Network Interface Card (NIC) 

. Command/control communications between me nosi u 

• Line connection management 

• Send/receive data packets 

35 me host command common — "8^2^^ * *" 
local RAM if i. is not in the EMU«n*ja |»m»* J ^SL ^^^^ J^ng to difleren, tine 
The line connection signaling betweanj^ MDSL Coto MDSLM telephony - a guaranteed 

modes; diamine mode and leasadjjne mods -J^^T^XSm* and hardware has to work wift the 

The following commands and controls may be employed: 



so 1. Reset 



Syntex: ResetO .„ the> RWSte _ Hushes the transfer/receive buffer and performs 

Description: Halts all of the command executions in .he system. Fiusnes m 

on internal reset 



an internal reset 
55 Parameter: None 
Return: None 
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2. Load DSP Module 

Syntax: LoadDspModule(ModuleAddr, ModuleSize) 
Description: Loads the DSP module into the MDSL 
Parameter: ModuleAddr - DSP module start address 

ModuleSize - DSP module size 
Return: None 

3. Set Interrupt Mask 

Syntax: SetlnterruptMask(EventMask) 

Description: Enable interrupt of host processor, based on occurrence of selected event(s) 
Parameter: EventMask is a 16 bit integer value for the interrupt mask. Table 5 identifies the bits in the mask. A value 
of 1 for a bit enables the interrupt corresponding to that bit. All bits not defined in the table are reserved for future 
use and should be set to zero. 



Table 5 



Bit Definitions for EventMask Parameter 


Bit # 


Mnemonic 


Event 


Event Definition 


0 


INTE 


Interrupt Enable 


This bit enables the interrupt set by the EventMask 


1 


LNC 


Line Connected 


A tine connection has been established 


2 


LNDC 


Line Disconnected 


A previously connected line has been disconnected 


3 


BFOVF 


Rx Buffer Overrun 


The line receiving buffer is overrunning 


7 


BFEMP 


Tx Buffer Empty* 


The line transfer buffer is empty 


9 


PKARV 


Packet Arrival 


A packet has been put into the line receiving buffer 


10 


PKST 


Packet Sent 


A packet has been moved out of the data line sending buffer 


15 


TINT 


Timer Expires 


A preset timer count goes to 0 



This interrupt is redundant with the packet sent interrupt if transmit buffer can only hold one packet at a time. 



4. Get Interrupt Status 

Syntax: GetlnterruptStatusO 

Description: Get the interrupt status, based on the occurrence of the selected event(s). 
Parameter: None 

Return: EventStatus. MDSL wilt return a 16 bit status number which corresponds to the definition of the EventMask 
parameter in Table 5. Calling this function will clear the interrupts just fired. 

The following Line Connection Management commands are available: 

1 . Line Configuration 

Syntax: LineConfigure(LineMode) 

Description: Configure the line to be ready to receive and send data packets 

Parameter: UneMode indicates what kind of line mode MDSL is going to be configured. It is has the following bit 
definitions. All the undefined bits will be reserved for future use. 
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JO 



15 



Table 6 

Bit Definitions For UneMode Parameter 



Bit # 
"6" 

T 



2-6 



Mnemonic 



Event 
Line Mode 

Voice Line Rag 
Speed Definition 



Event Definition 

When this bit is set, the data line will work unde. the iSwdjine^do. 
When this bi t is cleared, the data line will worK under d.al-up mode. 
When this bH is set. the voice signed tmnsrrcssjor n- *e 
same time with the data signal transrnissttn m MDSL When ths brt is 
cleared, the voice- band cannot function at the same time 
These bits define the speed fa sending and rec^ng <te«. Bit 6 in* 
caS 'if the speed is for sending or receiving. Bits 2 to 5 deftne 16 drffer 
ent speeds. 



x 



25 



Return: None 
2. Get Line Status 

SXSJSS^ return a 16 b« number to indicate the current line status. 
SSs. The def **on of this returned number * in Tatte 7. 

TABLE 7 
Bit Definitions For UneStatus 



30 



35 



40 



45 



Bit # | 


Mnemonic | 


Event 


0-1 




Line Status 


2 J 




Line Mode 






Voice Line Flag 


4-8 




Speed Definition 



Event Definition 



These two bite indicate the tonowing line states: 
1 une is down (no physical signal is received) 
2. Une is disconnected (line is not ready for sending and receiving data) 
3 Une is connected (line is ready tor sending data) 

When tNs brt is set the data line will work under the ^ r ™"" 
When thi s bit is cleared, the data line will work under dial-up mode. 

When this bit is set. the voice signal ^ 
same time with the data signal transmission in MDSL When this brt 
cleared, the voice-band cannot function at the same time. 



cates rt the speed is for sending or receiving, 
ent speeds. 



dftfer- 



3. Halt a Connected Une 

50 

Syntax: HaltUneQ . . ^ ^ f|w c^oi. rt will flush all the internal buffers 

Description: Tell MDSL to stop sending/receiving data for the data tiow cornro. 

and manually put the line into a "disconnected" state. 

Parameter: None 

55 Return: None 

The following Sending/Receiving Data Packet commands are available. 



27 



EP0 806 852 A2 



15 



20 



25 



1. Send Packet 

Return: None 
to 2. Check Receive Information 

Return: 1 - There is data in the receiving buffer 
0 - No data is in the receiving buffer. 

3. Check Sending Information 

£Ss — ^ns 0 I MDSL transmit butter is empty. Other*se. ft returns the number o, bytes 
left in the buffer. 

SSSSTbu* size, ft » 0 when the transmit butter is empty. Omen.se ft « the nunfcer a. bytes iett 
in the transmit buffer. 

or Windows NT environment, as commonly wouc to me wium. 

iM ^s£^e^^^ 

under Windows NT 3.51 and Windows 95 

2. The input and output data processing that the , JW^b 

3. The interaction ot the system software with NDIS library 

Tne MDSL dnver wii. be demented as an NDIS <*!^^£^Z^tt^ 
(MAC) sub-layer of the network system. ff *f^«^ L ^S"S^ Menace and data 

ton. lAIAM u*mtvk Interface Card driver, n interacts with protocol drivers on the 

jzsxss- sa "NiittsfflS- — - — «• «* - 

NDIS library or NDIS wrapper in Windows NTjWindows data i8 received ^ 

. e asssss s ssssrsu »£. * — — - h W « is 

^r^winc^^ 

at home and connected with the MDSL-C ; running •» « jgTj^TE of internet applications such as TEL- 
deferent. Wrth an Internet router or Mhe ^^^^^^^ £*» communication can occur simuftane- 
NET. FTP and NetScape through MDSL NIC. The data communication ana 

°^he foiling entry p*nts or functions are the drrver is io*ed 

Driver Entry Point (Driver Entry) is the main entry point called by the operating y* 
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35 



40 



45 



50 



55 



into memory. 
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Inputs 

DriverObject: Pointer to driver object created by the operating system. 
RegistryPath: Pointer to registry path name used to read registry parameters. 

5 

Outputs 

Return \felues: STATUS__SUCCESS or STATUSJJNSUCCESSFUL 
DriverEntry will do: 

10 

1 . Call NdisMlnitializeWrapper to initialize the NDIS WAN wrapper. 

2. Initialize the characteristics table and export the MDSL driver's entry points to the NDIS WAN wrapper. 

3. Call NdisMRegisterMiniport to register the MDSL driver to the NDIS WAN wrapper. 

75 Figure 1 1 e depicts the interaction between the OS, NDIS library and MDSL driver for Driver Entry. 

The initialization entry point (Mdsl initialize) will be called by NDIS library to initialize the MDSL modem. 

inputs 

20 MediumArray: All the networking media the NDIS library supported 
MediumArraySize: The number of elements in the medium array 
MdslAdapterHandle: A handle identifying the MDSL driver assigned by the NDIS library 
NdisConf igContext: A handle for NDIS configuration 

25 Outputs 

OpenErrorStatus: MDSL driver will set this parameter to a status value specifying information about the error if the 
return value ts NDIS_STATUS_OPENJERROR. 

SelectedMediumindex: MDSL driver sets this index to the MediumArray that specifies the medium type of the 
30 MDSL driver. 

Return Values: Mdsllnrtialize returns NDIS_STATUS_SUCCESS or it can re/turn the following status values: 

ND I S_STATUS_AD APTE R_NOT_FOUND 
NDIS_STATUS_FAILURE 
35 NDIS_STATUSJ^OT_ACCEPTED 
NDIS_STATUS_OPEN_ERROR 
NDIS_STATUS_RESOURCES 
NDIS_STATUSJJNSUPPORTED_MEDIA 

40 Processing 

The Mdsllnrtialize will: 

1. Search through the MediumArray to find its medium match. If no match is found 
45 NDIS.STATUSJJNSUPPORTED.MEDIA is returned. 

2. Get all the configuration information of MDSL NIC (interrupt number, board name, channel address or line 
address, switch type, etc.) 

3. Allocate and initialize memory for MDSL driver data structures. 

4. Inform NDIS wrapper the physical attributes of MDSL NIC including associate the MdslAdapterHandle with 
so MDSL NIC 

5. Map MDSL NIC's physical location into the system address space. 

6. Reset or initialize the MDSL NIC 

7. Setup and initialize the transmit queues 

8. Initialize interrupt 
55 9. Initialize line 

Figur 1 1f depicts the interaction between the NDIS library and the driver for Mdsllnrtialize. 
Entry point (Mdsl Reset) issues a hardware reset to the MDSL NIC and resets its software state. 
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Inputs 

MdslAdapterContext: The handle initialized by Miniportlnrtialize 
5 Outputs 

AddressingReset: Set to TRUE if the NDIS library needs to call MdslSetlnformation to restore addressing informa- 
tion to the current values. 
Return Values: None 

10 

Processing 

MdslReset will issue a software reset on the MDSL NIC. It may also reset the parameters of MDSL NIC. If a hard- 
ware reset of MDSL NIC resets the current station address, the MDSL driver automatically restores the current station 
is address following the reset. 

Figure 1 1g depicts the interaction between the NDIS library and the driver for MdslReset. 

Entry point (Mdsl Reconfigure) is called by NDIS library to reconfigure the MDSL NIC to new parameters available 
in the NDIS Ifcrary functions. It is used to support plug and play adapters and software configurable adapters, which 
may have the parameters changed during run time. 

20 

Inputs 

MdslAdapterContext: The handle initialized by Miniportlnrtialize 
WrapperConf igurationContext: The handle Of NDIS configuration. 

25 

Outputs 

OpenErrorStatus: This parameter is set by MDSL driver to specify the information about the error if the return value 
is NDIS_STATUS_OPEN_ ERROR. 
30 Return Values: 

NDIS_STATUS_SUCCESS 
NDIS_STATUS_NOT_ACCEPTED 

NDIS_STATUS_OPEN_ERROR 

35 

Processing 

Returns NDIS_STATUS_r^TACCEPTED. 

Entry point (MdsHait) is called by NDIS library to halt the MDSL NIC. 

40 

inputs 

MdslAdapterContext: The handle initialized by MdsllnrtiaJize 
45 Outputs 
None. 
Process 

50 

The MdslHaltwill: 

1 . Deregister the interrupt handling 

2. Unmap the MDSL memory from the system 
55 3. Free system memory 

Figure 1 1h depicts the interaction between the NDIS library and the driver for MdsJHaft. 

Entry point (Mdsl CheckFor Hang) is called by NDIS library periodically to check the state of MDSL NIC. 
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Inputs 

MdslAdapterContext: The handle initialized by MdsJInitiaiize 
5 Outputs 

Return Value: TRUE H the MDSL NIC ie not operating 

Processing 

to 

Checks the MDSL NIC status. 

Entry point (MdslEnablelnterrupt) is called by NDIS library to enable the MDSL NIC to generate interrupts. 
Inputs 

15 

MdslAdapterContext: The handle initialized by Mdslinrtiaiize 
Outputs 
20 Return Value: None 

Enable the MDSL NIC hardware to generate interrupts. 
25 Entry point (MdslDisablelnterrupt) is called by NDIS library to disable the MDSL NIC from generating any interrupts. 

Inputs 

MdslAdapterContext: The handle initialized by Mdslinrtiaiize 

30 

Outputs 

Return Value: None 
35 Process 

Disable the MDSL NIC hardware from generating any interrupts. 
MdsllSR is the MDSL driver interrupt service routine entry point. 

40 Inputs 

MdslAdapterContext: The handle initialized by Mdslinrtiaiize 
Outputs 

45 

InterruptRecognized: If the MDSL NIC is sharing an interrupt line and it detects that the interrupt came from its NIC, 
MDSL driver will set this parameter to be TRUE. 

QueueMdslHandlelnterrupt: If MDSL NIC is sharing an interrupt line and if MdslHandlelnterrupt must be called to 
finish handling of the interrupt, this parameter will be set to be TRUE. 

50 

Return Value: None. 
Processing 

55 This function runs at a high priority in response to an interrupt. It leaves lower priority work to MdslHandlelnterrupt. 
It will do: 

1. Get interrupt reason 

2. Clear interrupt in hardware 
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3. Set InterruptRecognized and QudueMdstHandlelnterrupt accordingly. 

Entry point (MdslHandlelnterrupt) is called by the deferred processing routine in the NDIS library to process an 
interrupt 

5 

Inputs 

MdslAdapterCorttext: The handle initialized by Mdsl Initialize 
10 Outputs 

Return Value: None 

Processing 

15 

The MdslHandlelnterrupt will do: 

1 . Check MDSL NIC to get the reason for the interrupts 

2. Process the following possble interrupts one by one: 

20 

A packet has just been put into the receiving buffer 
• A packet has just been sent out 

line has just been connected 

Line is disconnected 
2s • Line has been down 

- receiving buffer overrun 

Entry point (MdslQuerylnformation) is called by NDIS Ifcrary to query the capabilities and status of the MDSL 
driver. 

30 

Inputs 

MdslAdapterContaxt: The handle initialized by MdsllnHialize 

OID: Object ID of a managed object (or information element) in the Management Information Block where the driver 
35 stores dynamic configuration information and statistical information. Refer to NDIS 3.0 specification for its formats 
and definitions. 

InformationBuffer: A buffer that will receive information 
InformationBufferLength: The length in bytes of InformationBuffer 

40 Outputs 

Bytes Written: The number of bytes actually written to InformationBuffer 

BytesNeeded: The number of additional bytes needed to get the complete information for the specified object. 
Return Values: MdslQuerylnfbrmation returns NDISJ5TATUS_ SUCCESS or the following status values: 

45 

NDIS_STATUSJNVALID_DATA 
NDIS_STATUSJNVALID LENGTH 
NDIS_STATUS INVALID OID 
NDIS.STATUS^NOT.ACCEPTED 
so NDIS_STATUSJK)TSUPPORTED 
NDIS_STATUS_PENDING 
NDIS_STATUS_RESOU RCES 

Processing 

55 

MDSL driver will only acknowledge the following OlDs synchronously: 

01 D_GEN_HARDWARE_STATUS: check the hardware status of MDSL NIC 
OID_GEN_MEDIA_SUPPORTED: return NdisMediumVVan 
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0IDJ3EN.MEDIAJNUSE: return NdisMediumWan 

OID.GEN.MAXIMUM.LOOKAHEAD: return maximum packet size (1532 bytes). 
OIDlQENlMAXiMUM_FRAME_SlZE: return maximum frame size for MDSL (1500 bytes). 
OlDlGENJJNK.SPEiD: return link speed of MDSL (384000 bps). 
5 OIdIgEN.TRANSMIT.BUFFER.SPACE: return maximum packet size (assuming there is only one packet 
allowed in the transmit buffer). 

OID_GEN_RECEIVE_BUFFER_SPACE : reitirn maximum packet size in receiving buffer (assuming only one 
packet is allowed). 

OIO_GEN_TRANSMIT.BLOCK.SI2E: return maximum packet size. 
10 0IdIgEnIreCEIVE.BL0CK.SI2E: return maximum packet size. 
OID.GENVENDOR.ID: return vendor ID. 

OID.GEN.VENDOR.DESCRIPTION: return vendor description string. 
OID.GEN J3URRENT.L00KAHEAD: return maximum packet size. 
OlD.GENJAACOPTioNS: The following bits will be set: 
J5 NDIS_MAC.0PTI0N_RECEIVE.SERIALI2ED, 
NDIS.MAC.OPTION.NO.LOOPBACK and 
ND IS.MAC.OPTION.TRANSFE RS.NOT.PEND 

OtD.GEN.DRIVER.VERSION: return MDSL driver major and minor version number. 

OIdIgEnImaXIMUM.TOTAL.SIZE: return maximum packet size. 
20 OIdIwanImEDIUM.SUBTYPE: Since MDSL is not yet defined by Microsoft, NdisWanlsdn is returned. 

OIDJVANGETJNFO: return NDIS WAN info structure. 

OID.WAN.PERMANENT.ADDRESS: return WAN address. 

OID.WAN.CURRENT.ADDRESS: return WAN address. 

OID.WAN.GETJJNK- INFO: return MdslUnkCorrtext 
25 For all the other Okte return NDIS.STATUS.INVAUD.OID 

Figure 1 1 i depicts the interaction between the NDIS library and the driver for MdslQuery Information. 
Entry point (Mds) Set Information) is called by NDIS library to change the information maintained by the MDSL 
driver. 

30 

Inputs 

Mds) Adapter Context: The handle initialized by Mdsllnrtialize 

OID: Object ID of a managed object (or information element) in the Management Information Block where the driver 
35 stores dynamic configuration information and statistical information. Refer to NDIS 3.0 specification for its formats 
and definitions. 

InformationBuffer: A buffer that stores information 
InformattonBufferLength: The length in bytes of InformationBuffer 

40 Outputs 

BytesRead: The number of bytes read from InformationBuffer 
BytesNeeded: The number of additional bytes needed to satisfy the OID. 

Return Values: MdslCtoerylnformation returns NDIS.STATUS. SUCCESS or the following status values: 

45 

ND IS.STATUS.INVALID.DATA 
NDID.STATUS.INVALID.LENGTH 
NDIS.STATUS.INVAUD.OID 
NDIS.STATUS.NOT.ACCEPTED 
so NDIS.STATUS.NOT.SUPPORTED 
NDIS.STATUS.PENDING 
NDIS.STATUS.RESOURCES 

Processing 

55 

MDSL driver will only acknowledge the following OlDs synchronously: 

OID.GEN.CURRENT.LOOKAHE AD : return NDIS.STATUS.SUCCESS directly without doing anything since 
WAN drivers always indicate the entire packet regardless of the lookahead size. 
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OID_GEN_WAN.SET.LINK: copy the MdslUnkCootext stored in the IntormationBuffer into MDSL WanUnklnfo 
structure. 

For alt the other OlDs return NDIS_STA7USJNVALID_0ID 

5 Figure 1 lj depicts the interaction between the NOIS library and the driver for MdsiSetlnformation. 

Function (MdslReceivePacket) is called by MdslHandlelnterrupt to handle a packet receive interrupt. This function 
is used to replace NDIS MdslTransferData entry point since MDSL driver does not call NdisTransferData to transfer data 
from receiving buffer to the protocol stack 

10 inputs 

MdslAdapterContext: The MDSL adapter handle initialized by Mdsllnitialize 
Outputs 

15 

None 

Return Value: None. 
Process 

20 

MdslReceivePacket will do: 

1 . Check receive status to see if there is any error during data transmission. Drop the bad packets and indicate the 
error to the NDIS wrapper. 

25 2. Call NdisMW&nlixflcateRecerve to indicate that a packet has arrived and that the entire packet is available for 
inspection. 

3. If the above call returns NDIS_STATUS_SUCCESS, call NdisWanlndicateRecaiveCorriplete to indicate the end 
of a receive event. 

30 Figure 1 1k depicts the interaction between the NDIS library and the driver for MdslReceivePacket. 

Entry point (MdsJWanSend) is called by NDIS library to instruct MDSL NIC driver to transmit a packet through the 
adapter onto the medium. If the medium is busy at the moment when this call comes, MDSL driver will queue the send 
command fa a later time or lower the Maximum Transmit value. 

35 inputs 

MdslBindingHandle: The handle returned from Mdsllnitialize 

MdslLinkHandle: The handle returned from NDIS_MACJJNKJJP indication when line is connected. 
WanPacket: A pointer to the ND IS_WAN__PACKET structure containing a pointer to a contiguous buffer. 

40 

Outputs 

Status: A status value specifying information about the error if the return value is not NDIS_STATUS_SUCCESS or 
NDIS_STATUS_PENDING 
45 Return Values: MdslWanSend returns NDIS_STATUS_$UCCESS or the following status values: 

NDIS_STATUS_PENDING 
ND!S_STATUS_FAILURE 

so Processing 

MdslWanSend will do: 

1 . Check the packet size to make sure it is valid 
55 2. Check if the line is currently connected 

3. If medium is not currently busy, send the packet right away and re/tum NDIS_STATUS_SUCCESS. If it is busy, 
put the packet in the transmit list and return ND IS_STATUS_PENDING. After the this packet has been sent out, 
MDSL driver will call NdisWanSendComplete to indicate the completion of the sending event 
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Figure 1 11 depicts the interaction between the NDIS library and the driver for MdslWanSend. 

System integration. 

5 Under Windows NT or Windows 95, the various network software components are linked together, or bound into a 
logical hierarchy as depicted in Figure 11 m. 

When network components are installed, information is written to the Windows NT Registry that describes the 
order in which the network components should be loaded, and how those network components are to be bound 
together. The Windows NT Control Panel Network Applet (NCPA) manages the network component installation and 
10 binding. The driver binding works as depicted in Figure 1 1 n. 
The External Interlaces for the system are as follows: 

User Interfaces 

is MDSL driver does not expose to the end users directly. It is bound with the protocol stack in the system through 
NDIS wrapper. Application will use H though different standard protocol APIs such as window socket NetBIOS, RPC, 
etc. 

Hardware Interface? 

20 

The hardware interfaces of MDSL driver is described in MDSL Host Interface Requirement Specification. 

Software Interfaces 

25 MDSL driver provide 1 3 Upper-Edge Functions and one driver main entry point to the Operating System. It will call 
functions defined in ndis.lfo and ndiswan.lib to implement a lot of tasks which are independent of a specific Network 
interface Card (NIC). 

Communication Interface? 

30 

Packets being received and sent are in any format provided by NDIS WAN library. It can be IP data gram or other 
frame with or without header compression, Microsoft Point to Point compression, and encryption. It can also be a simple 
HDLC frame if the Simple HDLC Framing switch is turned on in NDIS WAN library. All these higher layer framing are 
transparent to the MDSL driver. 

35 

Design Constraints 

The design must be compliant with NDIS 3.0 WAN driver specification. 
40 Attributes 

AvaiiaWity/Reccvery 

Errors during entry point processing will not result in catastrophic failure of the driver. The error will be passed to 
45 the calling entity and NDIS will perform appropriate processing. Failures in initializing the MDSL NIC or establishing a 
line connection will result in an error being returned to the calling entity. Errors during receiving/sending packets are 
logged. 

Software acquisition 

50 

The software to configure a muftimode modem as to its DSL band operation can be acquired by downloading into 
a Rash EPROM (see Figure 5a of a board version of a DSL modem enhanced to include Flash EPROM). This down- 
loading can be performed by using the voice-band configuration (V.34) already in the murtimode modem. In particular, 
a host can use voice-band modem operation to call a source telephone number which then can download the software 
55 for DSL band operation over the voice-band to the Rash EPROM. In the same manner, updates of the DSL band soft- 
ware can be downloaded either over voice-band or over DSL band. Figure 12 illustrates such a downloading process. 

Referring now to Figure 13a, there may be seen the MDSL frequency division for upstream and downstream. In 
voice-band modems, the highest frequency of interest is only 3.3 KHz. in MDSL, the highest frequency of interest can 
be hundreds of KHz. For example, for 1/4 T1 rates, the center frequency of the upstream channel F c1 is 100 KHz while 
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WlJJ * «Q« * use* (RU) modes. In the CO t«h the 

modem transmits in the upper frequency oara anu r _ . _ ■ me UDOer frequency band, 

occurs. The modem ^inmelojer ^^^^7^^^ i twice the hfchest fre- 
Using the normal .nterpretaton of the Nyq«st Sampling ^. tCHji ^ converter (ADC) can sample 

quency of interest is reaped to process converter (DAC) at twice 

the received signal at twice ^. However, rt ™ rt ^ e J^ P ^ run at twice F 2+ . 

^ srsssr fff^sr^ the ^ ra,e - me 

is then ^*^«^?ZX!T^ * F^cTal there * no signaJ bete* F tt 
KHz^S^^ 

erates an inverted image sample of the decimated data stream by (-1). Since 

^™odem. the «, ou*u1 earning rate ^^S^^^^ 
minimum sampling rate of 800 KH* to direct* ^^^^^7^ Ler frequency band, and 
nal. tt would be much better if the CO modem could ^^J^^JK*. spectrum of the low band signal 
somehow automatically translate the spectrum to the upper band Figure 13e snows tne specu 

in the digital domain. usa of the aliased images produced by digitally upsampling to a higher 

Translation can be accomplished by ma^ng use of tne am mas i computed output samples. 

, rate. Upsarrpling by two to 800 KHz ^^'^^^^^ the nevfmodHied output data 
This generates images at harmonics of the ongiraUOO KHzsampi^B^equ y ^ M<Aw . 

stream is passed to a DAC. the analog output spectrum ^-^ re ^' 8 ^^ ^^M* analog bandpass 
«e inparted by the Tee th ^ valeTar^ero. they need notbe 

filter, the inverted image centered at 300 KHz ran ^^aec^o^ w disfe garded 

5 computed by the D^™*^ Rgure 13g, 

completely, since the spectrum is ,nverted aga^by thed«^^pr« (he DSP 

the zero sample interleaving process can beir^emem^s^ rterna. og ^ ^ ^ fe 

in oondusion. the application of sampling *~ deputations are therefore based on a much 

always transmitting and receiving only ^.^J^^^^a frequency content 

to lower sampling rate than would normally be *ctttej ^?^T£i2ic Digitel Subscriber Loops (ADSL) by the 

45 range tor the ADSL-2 bitrates. d t ^ stage to prevent the 

50 implement both forwaid and inverse FFTs in 1 ^ f ^^™ d uring the stage. This removes the 

before each FFT stage and scales down the data ortfy * *v Mrtto •P~« * ^ ove ri1ow would not occur, 
unnecessary loss of precision which wouW *™ s *^*™**™^ ^before each stage. The data is 
The need for scaling is determined by tataB* Ji JJ?^ "f * J*S T^S*. in general, both shift 

5S ^r^c^s: e r sa set a M — - - - — . — . 
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k^^^^FFT Simulation resJtshc^that^bitfeedpointfixed scaling FFTs are only marginally better, 
before each stage of the FFT. a ™'™ on than the 1 6*it variable scaled fixed pant FFT. 
in the expected signal-tc-no.se operating range, thanthe application which the data range is such 

The variable scaBng of the ffced point ^^^^^T^ tor improved preasion. 
that an overflow would not occur on MDSL lines. Although a dedicated l.ne cou- 

,n me centra, off ice end. a modem pod ^^f,^^^ 1 * ™ f ^p^ng power of a high performance DSP 

Fmure 14a shows that an MDSL ^ OT ^ < *^^° fl J^L mmer6 can be synchronized to the same central 
part and a receiver part. Due to the locaton erf the modern aTchrtecture. data symbols of the 

Sice clock. Because of the MDSL line ^.^Z^TJ^SZ aBtoffcal modems. The transmit signal 
transmit signal and samples of the recen/ed signal a ^ ^^.^"^me action of NEXT cancellation tech- 
synchronization and the transm* and recejv^ agna %£1&S** ~^tion with an MDSL modem pod. 
nique. A muttiple input-multiple ^^^^^^^preferred MDSL modem uses frequency divsion 
f To avoid the NEXT and the cost of echo wcel ^/^^'^nstream direction and vice versa in the upstream 
duplex for transmission from a centra, off ice to ^gSSSm P* of the MDSL spectrum. The fre- 

direction. The downstream tr^ss^^m^ oc^^e ^ use * high order bandpass 

conditions and downstream to upstream throughput stooband and the closeness between down- 

Lause of the finite amount of att enuation nntoe ^^^Ss. channel. Due to the heavy sub- 
stream and upstream spectra, there will always be some read ue no.se ™™\ compared with that of the rec«ved 
n Jne attenuation, the refative strength of n**"" >Z+^£gE£S* different MDSL lines, the 

Because of the possibility rt .^« m ^^f^^c^So?cWused to minimize the inter- 

, nS^Sareversecr^^ 

30 P00.S with or wrthout add^ DSP as depicted in F*ure 1 4d 

^digitized received signafo. all «^^^SSSm of size M. Outputs of an N adaptive fitters are 
corresponding ^M» ^^™ ^ responding modem. Each ad aptive^ Mr • 
appropriately combined to torm N ^XT canedte Jonagj ^ NEXT cancellation signal and the corre- 

35 adapted according to the error signal between tne J™*™ 14e 

spending transmit signal as the correlation vector as deputed inHgue^ ^ d Digital Subscrtoer 

Unshielded twisted pairs can be used for high date '^^^SS ^ received signal equalization, is 
Lines (DSL) extensive digital ^J2"2"£ "J^^nttTTheretore, the cost of modems at both 
employed to exploit the full capacrty d ^^dTeSSS the transmission system. When the transnnsaon 

40 ends of the twisted pair become a aignAcart £rt £•» J**"^ ^ threshold device is used 

re«^^^^ 

^rgthec^tionti.t.ehi^-rate^^ 

is an expensive channel distortion compensation * T^Se^ m transmission distance while keep- 

-ssrsas^ - — — 

'^s^rcetwistedpa^^^ 

Mbps P^sica. Layer. IEEE 1394. IEEE '^^•J^^^^Z^L duplex systems. In these 
brSged taps, channel transfer ^^^^ eS^tTreS *n-L Specifically, it can be identjied by 

cauiS by differences in attenuation and l^^* "3£5S J?pXn of the received signal at the 
ot. interference which cause the eye pattern to ck** Figure 1* JJ£ judged ^ the relative signal level 

end of a 50 meter 24 gauge twisted degree of theeye patte* «, level8 can be reliably deter- 

spread at the maximum eye op ning point. The time interval at wn.cn 
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available decision window woUd decrease irtter ^ e ™^' ^^^ed by the use of a channel equalizer. Spe- 
Tne eye pattern closing caused by f^^g^i^SSlS^ level a, the optima, decision point, 
cifteally. the distortion compensation iat ^ ta ^ n ra ^te1«S^on window. In other worts, a baud rate 
Furthermore, ^e ^^ed^on can ^g^S^ whiie a factional spaced eo.ua.izer can max- 
equalizer can only maximize the eye opening « ^ ^6md decision window, 
irrize the eye opening at more than « Shd a transceiver is seen in Figure 15c. The 
A traditional channel equalizer ■^^^SSSSLwt k programmable filter 1514 with adjustable 
received signal is amplified 1510 and converted into •JgJJ^** ^ents 151 6 are calculated to minimize 
, coefficients 1 51 6 is used to corrper«ate ^"^,^^ 8^ level. The calculation can be carried 
the mean squared error between the '^routputagnal JJI-^ J ^ lwe te for decoding. Output data 

out based on the Least Mean Square [IMS) f^ 1 ™^^^ 1520 providing isolation, 
is converted to analog 1536. and linednver M8 ^^^^, l ^ i ^ rar r^e fitter. Depending on the 
The realization of the conventional equalizer -^JJJ^SSS 6 to 10 bits of resolution is necessary. 
5 channe. dtetortion and the number of ^'^^^^1 tased channe. equalizer ranging from 10 

0 the same operating rate translate into a Wfransce^cost distortion of the channel 

in a noiseless environment, the equalization ^™ ^J 6 ^ ^mmer fitter coefficients are adapted in 
can also be performed using a W™? 11 ^^ sequence is transmitted for me 

real time by using a training sequence. During date ^EXJiXJ training sequence with the known training 
purpose of fitter coefficient adaptation. The reefer correlates ^recervedrom g ^ Me an Squared 

* sXce and updates the ^.^^itSJeSS then used for the program- 
(LMS) algorithm. Since the channel « symmetrica., the idenwiea equai 

mable transmitter fitter. . Q ^ -n^jment includes a transmission path and a receiving 

The direct equalizer system of the present P^,^^teM5W controlled by the data buffer status to 
path, as depicted in Figure 15d. In the Sto I sSe the training sequence is linked to the 

30 multiplex the training sequence 1 540 and the date. SeMawr protocol aigorithm is also necessary to reg- 

D/A conversion device 1 536. To avoid ^"^^SX revived data detection function is 
ulate the transntission of training *«""»^"* £JS£Tfi5riiln-on of the transmit filter 1532 and 

necessary to «" * ^ ^ ica " y u *" a 8 

its adaptation mechanism forms a arect cnannw om"™'" 

35 Digital Signal Processor (DSP) in a ^ a ^^^* lation ^ 1520> amplifier 1522. slicer 1524. incoming date 

^^^^^^ 
« ure 15e. The date buffer 1533 can be P^^ ^f ** ^^^ h transmission rate on the twisted pair can 
duce DSP processing speed dependent transmsswn delay. However, a h.gn tra 

be maintained. ♦ ro ncmmar can onlv compensate for channe. distortion at its 

50 Filter coefficients for a baud rate equalizer can be calculated as 
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where is the baud interval spaced equalizer coefficient vector, X k is the baud interval spaced received signal vector, 
10 d k is the desired signal level available from the training sequence, and m is the adaptation step size. The filter coefficient 
vector for the direct equalizer system is calculated using the LMS algorithm in conjunction with quantized data from the 
slicer. The use of the quantized data avoids the requirement of a higher precision A/D converter. The titer coefficient 
adaptation is similar to the sign LMS algorithm. One has 

where Q( .) denotes the quantization operation and d k is either +1 or -1 due to the use of a binary training sequence. 
The filter coefficient vector for a double baud rate direct equalizer is calculated as 

80 - "'a + »Q(X' k ){d k - H' \ Q{X' k )) 

H" M - H" k + »Q(X» k ){d k • H" T k Q(X" k )) 

25 
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45 In other words, the double baud rate equalizer is the combination of two baud rate equalizers operating at different 
sampling phases. The filter coefficient vector for the triple baud rate equalizer can be similarly obtained. 

The direct equalization approach will enhance the spectral density at the high frequency portion of the transmit 
power spectrum. However, depending upon the channel characteristics, the enhancement should be in the range of 
only a few dB. 

so The power spectrum of the multiple level Pulse Amplitude Modulation (PAM) signal is 
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where A is related to the signal amplitude and f 0 is the baud rate. The frequency response of the equalizer is 
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5 where H(f) is the channel transfer function and T 6 is the equalizer operating sample interval. One has 

T . 1 j . ± j . ± e tc 



For a typical twisted pair channel, one has 



10 



l«(OI-e 



-a/7 



Where a = 1 .2924 x 10 • 10 far (he Category 5 UTP and 1 - 150, one has 
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20 for the frequency region of our interests. 

The power spectrum of equalized signal is the product of the PAM power spectrum and the squared transfer func- 
tion of the equalizer. Figure 151 shows power spectra with direct equalizers of different operation rate. For the 50 meter 
CAT 5 UTP cable the power density differences are within 2 dB. 

Figure 15j shows a simulation system for the direct equalizer using PAM signals. In particular, the transmitted PAM 
25 signal 1 is delayed (z' k ) and fed to receiver 1 along with the through channel received signal. These receiver 1 signals 
are used to control the transmitter for PAM signal 2 to directly equalize; and this compensated signal through the chan- 
nel at received is compared to the PAM signal2. Figure 15k shows the interior of receiver 1 of Figure 15hj, and Figure 
15) shows the interior of the transmitter of Figure I5j, 

The following Terminology/Def inrtions has been used herein. 

30 

MDSL - Mid-band Digital Subscrber Line. 
MDSL-C - The MDSL running on the Central Office site 
MDSL-R - The MDSL running on the residential site 
POTS - Plain Old Telephone Service. It only makes and receives phone calls. 
35 NDIS - Network Device interlace Specification. A specification defined by Microsoft to provide a standard interface 
for network drivers to interact with each other and with Operating System. 
NIC - Network Interface Card 
WAN - Wide Area Networking 

mini-port NIC driver - A network interlace card driver developed as an extension to the NDIS 3.0 specification to 
40 allow developers to write only code that is specific to the hardware, merging the common concerns into the NDIS 
library or wrapper. 
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APPENDIX 

©INPUT.DECLARATIONS: 
STATIC Double I_clock; 
STATIC Ovector I_real_in; 
STATIC Double I_reset; 
STATIC Double I validjn; 
©OUTPUT .DECLARATIONS: 
STATIC Ovector Ojmgjrot; 
STATIC Ovector 0_real_out; 
STATIC Double O.scaler, 
STATIC Double O_valid_out; 
@PARAMETER_DECLARATIONS: 
{ 

STATIC Long P_£ft_math; 
} 

©STATE .DECLARATIONS: 
{ 

STATIC Long size ; 
STATIC Double *f_real ; 
STATIC Double tfjmg • 

STATIC short *Lreal ; 
STATIC snort *Umg ; 
STATIC long *Ureal; 
STATIC long *Umg ; 
STATIC Double *in_r ; 

STATIC Double *ouU ; 
STATIC Double *out J \ 
STATIC long flag ; 
STATIC long clock ; 
STATIC long ltemp ; 
STATIC long hoax ; 
STATIC int scale ; 
STATIC int i ; 
STATIC int j ; 
STATIC int 1 ; 
STATIC int maxjattr ; 
STATIC int j2 ; 
STATIC int jll ; 
STATIC short temp ; 
STATIC int k ; 
STATIC double twopi ; 
STATIC double tmp.real ; 
STATIC double tmp.img ; 
STATIC int doit ; 
STATIC int Sine[256] ; 
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STATIC int Cosine[256] ; 
STATIC FILE * filel ; 
STATIC int 1mm ; 
STATIC int lix ; 
STATIC doable scl; 
STATIC int bttr; 
STATIC int li ; 
STATIC int power ; 
STATIC int stage ; 
STATIC double tl ; 
STATIC double t2 ; 
STATIC double arg ; 
STATIC double c ; 
STATIC double s ; 
STATIC int itl ; 
STATIC int it2 ; 
STATIC int ic ; 
STATIC int is; 
STATIC int arginc ; 
STATIC int iaxg ; 
STATIC short tmpjr ; 
STATIC short tmp_i ; 
STATIC int itmplre ; 
STATIC int itznplim ; 
STATIC int itmp2re ; 
STATIC int itmp2im ; 
STATIC double pi ; 
STATIC double cl ; 
STATIC double c2 ; 
STATIC double wpr ; 
STATIC double wpi ; 
STATIC double wi ; 
STATIC double wr ; 
STATIC double wtmp ; 
STATIC double tmplre ; 
STATIC double tmplim ; 
STATIC double tmp2re ; 
STATIC double tmp2im ; 
STATIC int length ; 
STATIC int half; 
STATIC int halfpow ; 

STATIC int DEBUG ; 
STATIC long ltl ; 
STATIC long lt2 ; 
STATIC long Is ; 
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STATIC long lc ; 
STATIC long ltempl; 
STATIC long ltemp2 ; 
STATIC long ltemp3 ; 
STATIC long ltemp4 ; 
STATIC long l_tmp_r ; 
STATIC long l_tmp_i ; 
STATIC long ltmplre ; 
STATIC long ltmplim ; 
STATIC long ltmp2re ; 
STATIC long ltmp2im; 
STATIC double ftemp ; 

@BLOCK_DECLARATIONS: 
( 

©INITIALIZATION_CODE: 

{ 

DEBUG = 0 ; 
size = 512 ; 

power « 9 ; 

" " =1) 



1 Oeal = (double •) malloc (size • ^£^> \ 

fimg = (double *) malloc (size * sueofldouble)) , 

} 

else 

S.real = (short *) malloc (size * \ 
ijmg » (short •) malloc (size * nzeoflshort)) , 

l.real = (long *) malloc (die 

fimg a aong *) malloc (size * sueofllong)) , 

tLopis 3.1415926536 * 2.0 ; 

pi = 3.1416926536 ; . 

filel = fopenC/home/manneraVsmco8i.txc , r ; . 

for(H> ; j < 256 ; 

1 fecanfCfilel, "%0&t \n",&CoaineG]) ; 

} . . 

forfl=0 ; j < 256 ; 

fscaiuWel, "%08x \n",&Sine 01) ; 
fclose(filel) ; 



43 



EP 0 806 852 A2 



} 

@RUNJ3UT_CODE: 

{ /* start of run code */ 

flag = 0 ; 

CLvalidjmt o 1,0 ; 
O.scaler = 0.0 ; 
©IF (Lclock = CONNECTED) 
clock = Qong) Lclock ; 
flag I s (-clock & 1) ; 
©END IF 

©IF (LvalitLin CONNECTED) 

flag I = (long) Lvafidjn ; 
©ENDIF 

©IF OLreset = CONNECTED) 
iflLreset == 1.0) 
{ 
) 

©ENDIF 
ifltflag) 

{ /* start of process input/output */ 
I* read in input */ 

inr s (double *) OvGetStart(LrealJn) ; 

out J « (double *) OvGetStartfO Jmgjmt) ; 

out_r = (double *) OvGetStart(0_reaLout) ; 

size = 512 ; 

powers 9 ; 
i«P Jftjnath — 1) 

{ /* start of if floating*/ 
/* 

foiQsO; i < size ; i++) 
{ LrealBl -iiuti] ; 
» 

length m 612 ; 
half =256; 
halfpow s power - 1; 
cl « c2 » 0.5; 
for 0 = 0, j = 0; i < half; i++, j += 2) 

I 

Lrealffl = injrtfl ; 
Lixngfi] = + 1] ; 

1 

c2 = -c2; 
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I* start of do floating St I 

size = 266 ; 
power - 8 ; 
maxjbttr = size ; 

for (stage = 1; stage <= power; stage-t-0 { 
lix = maxjbttr, 
max_bttr /= 2; 
bum = max_bttr; 

scl = ((double) (- twopi) / (double) lix)*, 
foKbttr « 1; bttr <= 1mm; bttr++) { 

arg = (bttr - 1) * scl; 

c = cos (arg) ; 

s = sin (arg); 

forQi = lix; E <= size ; li += lix) { 
jll » li- lix + bttr -1; 
j2 ■ jll + maxjbttr, 
tl = Crealljll] - fjrealC)2] ; 
t2 = CimgOll] • OmgQ2] ; 
CrealQll] = f_realQll] + f_realtj2] ; 
LimgCjll] = fJmgGll] + fjmgtj2] ; 
Lreal[j2] = (cHl + 8*Q>, 
f_imgtj2]= (C*t2 - s*tl>, 

1 

} 

3 = 0; 

for(i ■ 0; i < (size - 1); i++) { 
if(i<j){ 
tmp_real = fjrealij] ; 

tmpjmg = fjmgtfl ; 
f_realtj] = fjrealQ] ; 
UmgO] = fjmgti] ; 
freal[i] . tmp_real; 
fimgft] s tmpjmg; 

) 

k = (size /2V, 

while (k<0 + l)){j-s k; k/= 2; } 
j+*k; 

1 

/* Perform even/odd separation algorithm. */ 
/* Form an array with N/2 + 1 dements. */ 
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arg = pi / half; 

wtmp a sin (0.5 * arg); 

wpr ss - 2.0 * wtmp * wtmp; 

wpi = sin (arg); 

wr«L0 + wpr, 

wi = wpi; 

for (i a 1, j = (half - i); i <a j; i++, j~) 
{ 

tmplre = (Cjreal[i] + CrealK) * el; 

tmplim = (f jmgffl -LimgOD* el; 

tmp2re = (Limgfi] + fjmgtfl) * -c2; 

tmp2im = (£jeal[i] • Oraalffl) * c2; 

Lrealfi] = (tmplre + wr * tmp2re - wi * tmp2im); 

fJmgD] = (tmplim + wr * tmp2im + wi * tmp2re); 

Lreallj] = (tmplre - wr * tmp2re + wi * tmp2im); 

fjmg[j] = (- tmplim + wr * tmp2im + wi * tmp2re); 

wtmp a wr, 

wr += (wr * wpr - wi * wpi); 
wi +a (wi * wpr + wtmp * wpi); 

} 

/* Compute the first pair of frequency cells, */ 
/* at the dc and the Nyqtdst point */ 

wr = £jeal[0] ; 
CrealtO] a wr + UrngfOJ ; 
f_img[0] a OmgtO] - wr ; 

for(i=0 ; i < size ; i++) 
{ 

out_rfi) a f jreaffi] ; 
out JTO a -UmgO] ; 

} 7* end of if floating*/ 
else 

iflPJftjmath aa 2 ) 

( 

/♦start of int fit*/ 
length a 612 ; 
half a 256; 
halfpow a power - 1; 

for G « 0, j = 0; i < half; i++, j +* 2) 

{ 
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i real[il = Gong) (in_r{j] * 65536.0) ; 
l3 = Cong) (mjj + 1] * 65536.0 ) ; 

} 

lmax = 0 ; 

for(i = 0; i<half;i++) 
{ 

Itemp = \_resi [i] ; 

iflltemp < 0) ltemp = - ltemp ; 

if (ltemp > lmax) Imax = ltemp; 

ltemp = ljmgfr] ; 

iflltemp < 0) ltemp = - ltemp ; 

if (ltemp > lmax) lmax = ltemp ; 

} 

scale s 0 ; 
foKi=0i < 32 ; i++) 
{ 

lmax «= 1 ; 
if (lmax <0) 

break ; 
else 

scale++ ; 

> 

scale-; 
ads 1.0; 
for(i=0 ; i < acale ; i++) 
ad *= 2.0 ; 
lmax = 65536/aong)9cl ; 
fora»0; i<half;i++) 

1 i^realli] = (short) (l_jeal[i]/lmax) ; 
i_img&] = (short) (UmgHVlmax) ; 

1 

/•do to*/ 
sizes 256; 
power s 8 ; 
arginc = 2 ; 
max Jbttr ■ size ; 
scale sO; 

for (stage '= 1; stage <= power, stage++) I 
doit • 0 ; 

for(j=0 ; j < size ; j++) 

I temp * OLreallj] & (abort) OxcOOO) ; 
if((temp 1= 0) && (temp 1= (short) OxcOOO)) 

{ doit si 1 .break; } 
temp = (Umgtfl & (shorttOxcOOO ) ; 
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if((temp != 0) && (temp != (shortXkcOOO)) 
( doit s 1 ;break; } 

} 

ifCdoit) 

scaie++ ; 
for(j=0 ; j < size ; 
( Lrealffl /= 2 ; 

} 

) 

for(j=0 ; j < size ; j++) 
{ temp m GjnealQ] & (abort) OxeOOO) ; 
if((temp 1= 0) && (temp Is (short) OxeOOO)) 

{ doit ■ 1 ;break; ) 
temp a (UmgBl & (shortXfceOOO ) ; 
iflttemp != 0) && (temp != (shortXhceOOO)) 
{ doit = 1 jbreak; } 

) 

iftdoit) 
{ 

scale++ ; 

for(j«0 ; j < size ; j++) 
( ijreaH0/«2 ; 
Limgtj] /» 2 ; 

} 

) 

iargsO ; 
lix = ma*J>ttr, 
maxjrttr /« 2; 
imm s maxjbttr; 

for(bttr s 1; bttr <= Imm; bttr++) { 
ic = (int) Cosinefiarg] ; 
is = (int) * Sinefiarg]; 
iarg arginc ; 

fordi = lix; K <» size; H += lix) { 
jll«li-Iix + bttr-l; 
j2 s jll + max.bttr, 
itl * Lrwdtjll] - ijreallj2] ; 
it2 = iJmg[jll].Umg02]; 
ijrealQll] = i^eaHjH] + ijealQ2] ; 
Limgtjll] = UmgBlU + Umgfj2] ; 
ijrealQZ] m (short) (((ic*itl) + (is*it2)) / 82768 ) ; 
UmgQ23 « (short) (((ic*it2) - 0s*itD) / 32768 ) ; 

} 
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arginc *= 2 ; 

} 

j = 0; 

for(i = 0; i < (size - 1); i++) { 

m < j) ( 
tmp_r = i_reallj] ; 

tmp_i s ijungtj] ; 
i_real|j] = i_real[i] ; 
Limglj] = Umgra ; 
Lrealti] = tmp_r ; 
ijmgti] = tmpj ; 

) 

k = (size / 2); 

whfle(k<(i + l)){j-=k;k/=2;} 
j+=k; 

) 

^**»***«******»»***«*»*»»***««* *******************»****************»»*«*»*/ 
/********•**»»**»**»»•**♦*******«**»***»**«*»***»**»*****•»»•**»/ 

I* Perform even/odd separation algorithm. */ 

I* Form an array with N/2 + 1 elements. */ 
****************************************** *********************/ 

k» 1; 

for (i= l,ja(half.l);i<«j;i++ f j-) 
{ 

/* wr => Costable[L.] wi => Sintable[l...] */ 

is • Knefk] ; 
ic a CosineQc] ; 

tmplre = (intXCLrealRJ + UealQD » 1 ) ; 
tmplim = (intXGJmgBl - i Jmglfl) » 1 ) ; 
tmp2re = (intX(Limg[i] + i JmgtD) » 1 ) ; 
tmp2im = (int) «(Ueal[iJ - LrealQ]) » 1)) ; 
.realOQ = (short) (itmplre + (Qc * itmp2re • is * itmp2im) / 32768)); 
JmgOJ = (short) (itmplim + ((ic * itmp2im + is * itmp2re) / 32768 

)); 

_real[j] = (short) (itmplre - (( ic * itmp2re - is * itmp2imy 32768)); 
Jmgtj] = (short) (- itmplim + ((ic * itmp2im + is * itmp2rey 32768)); 
k++ ; 

} 

/* Compute the first pair of frequency cells, */ 
/* at the dc and the Nyquifit point */ 

is = Lreal[0] ; 
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i.rcal[0] = is + i.img(0] ; 
i_img[0] = ijmg(0] • is ; 

scl « 1.0 ; 

for(i=0 ; i < scale ; i++) 

sol *= 2.0 ; 
for(i=0 ; i < size ; 

{ 

/» 

out_r[i] = (double) (i_real[3 « scale) ; 
out_i[i) s (double) (-Limgti] « scale) ; 

♦/ 

outjfi] = (double) (LrealfO ) ; 
out_ifi] = (double) (-i_img(i] ) ; 
ouLrfi] *= ((scl * (float)lmaxy65536.0) ; 
out_i[i] *= ((scl * (float)linaxy65536.0) ; 

/* 

out_r[i] *& 8cl/(fioat)bnaz ; 
out_i[i] *= scl/(float)lmax ; »/ 

) 

} /*endofintfft*/ 

0_valid_out =0.0; 

O.scaler = (double) scale ; 

} I* end lflag */ 

} I* end of run code */ 

@TERMINATION_CODE: 

{ 

MP Jfcjnath — 1) 
{ 

free(f_real) ; 
free{f_img) ; 

1 

else 
{ 

free(i_real) ; 
freeOJmg) ; 
freeCLreal) ; 
freeO_img) ; 

} 

) 



Claims 

1 . A communications system, comprising: 
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circuitry tor providing communication signals, 



a connected to said circuitry for point to multipoint communications, ^ . 

ISSSS^ ™*<* rt communications and providng sari commun.cat.ons to 
respective end users using dedicated communications channels. 

2. A local multipoint distribution system, comprising: 

said JSS i pSt on the corresponding twisted pair between a telephone central ofl.ce and a tele- 
phone customer. 

3. The system of claim 2, wherein: 

said wireless distribution node is coupled to a telephone central office by optical f ber connection. 

4. The system of claim 2, wherein: 

higher than voice band. 

5. A direct equalization communications system, comprising: 

a switch connected to a transmission path for multiplexing received data and training data, 

an arrplKier connected to said witch, 

a slicer connected to said amplifier, 

o rftc« ved data detection circuit connected to said slicer , 

a i^aelSSmSLi circuft connected to said slicer and a training sequence pr^ng 

a tiiier coemwem ««wiau^ w 4:tw ra i ni | fl{inn ri rcuit tor eaualizing data to be transmitted, 

a 

a dual port 

nected to a circuit for providing a training sequence, 
a D/A circuit connected to said dual port switch, and 
a 



acted to a circuit for providing a training sequence, 
D/A circuit connected to said dual port switch, and 
line drrver connected to said D/A circuit said switch and said transmission path. 



6. The system of claim 5 further comprising, 

a data buffer circuit connected between said programmable titer circuit and said dual port switch. 

7. An equalizer system for symmetrica) channel communication, comprising: 

cients controlled by said calculator. 

8. The system of claim 7, wherein: 

said calculator and said transmitter are coupled to training sequence sources. 

9. A method for demodulating a received DSL modem signal, comprising the steps of: 

bandpass filtering said received signal, and . ^ . a 

dowSmpling said recerved signal from a first higher frequency band to create an image of said sign* 

second lower frequency band in order to demodulate said signal. 

10. A method tor modulating a DSL modem signal, comprising the steps of: 
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I^CXal in afirs. fower frequency band to generate an image a, said signa. in a second higher 
2£2 sa« image of sa« s^na, in sa* seoond h*her frequency band in orfer to transmit 

5 said signal at said higher frequency band. 

11. A method for processing signals with a modem, comprising the steps of: 

employing a DMT line eode in said modem end code. 
,„ variably scaling data in at least one computation stage of a multistage transform w 

12. A modem, comprising: 

a digital signal pmcessor employing a muttjstage computational transformation using variably scaled data in at 
is least one of said stages. 

13. A multimode modem, comprising: 

a voice-band modem, and 
20 a DSL modem. 

14. A multimode modem, comprising: 

a voice-band modem, and 
* a DSL modem, wherein said DSL modem is capable of selector* a line code. 

15. A modem, comprising: 



a DSP. 

!vB an^t^end I wnicted to said A/D and D/A circuit; and 
a CAP analog front end connected to said A/D and D/A circuit. 



30 an A/D and D/A circuit connected to said DSP, 



35 



16. A multi-link mode modem, comprising: 

a single link associated with a leased line; 
multiple links associated with a leased line; 
at least a single link associated with a switched line with soft dial; and 
at least a single link associated with a witched line with hard dial. 

40 17. A link connection management process tor a modem, comprising the steps of: 

link connection establishment; 
link disconnection establishment; 
45 link status monitoring; 

link status change notification to the host processor; and . _ 

U*^Z. rmkconnectionMisconnection messaging between sad two modems. 
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18. A method of identifying a modem, comprising the steps of : 

providing a telephone number tor the line to which said modem is ^ecjed; and 
adding one digit post-fix to said telephone number to identify said modem. 



19. A rate negotiation process 



for a modem, comprising the step of adjusting the throughput based upon: 



55 



line conditions between said modem and a second modem; 
backbone network accesstoiiity; 
computational capabilities of said modem; and 
application requirements. 
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20. A method tor selecting a rate used by a pair of DSL modems, comprising the steps of: 

interoperable modes that enable communication among a range of price/performance modems. 

5 21. A rate negotiation process for a modem, comprising the steps of: 

adjusting the bandwidth used in a line and adjusting the number of bits represented by each symbol based 
upon: 

w line conditions between said modem and a second modem; 

backbone network accessibility ; 
computational capabilities of said modem; and 
application requirements. 

15 22* A modem channel map message, comprising; 

a channel map header indicating the total channel capacity and available channel capacity; 
current channel allocation represented by 0 or more channel entries; 

channel change request represented by 1 or more channel entries flagged by their most significant bits. 

20 

23. A method of data link layer rate negotiation of a modem, comprising the steps of: 



modem sends an channel map change request message and waits for reply; 
the associated modem checks the channel map change request and send out one of the following possible 
2s messages in reply: 

a channel change request acknowledgment message to confirm the channel map change; 

a channel map change reject message to reject the channel map change; and 

a channel map change negative acknowledgment message to start a channel map change re-negotiation. 

30 

24. A method for initial synchronization of a CAP or QAM based modem, comprising the steps of: 

a startup handshake between said modem and a second modem including a plurality of segments of known 
symbol sequences. 

35 

25. A method for modem initialization, comprising the steps of: 

first spaced tones whose frequencies are above the voice band to characterize the channel; and 
second spaced tones in the same frequency range to determine modem capabilities and exchange user pref- 
40 erence information. 

26. A rate negotiation process for a modem, comprising the steps of: 

a physical transmission throughput maximization procedure; 
45 a frame and time slot assignment procedure; 

a software and hardware interface; and 
a status transition algorithm. 

27. A method for DMT modem initial synchronization, comprising the steps of: 

50 

a training sequence for probing the length of channel impulse response including repetitive data blocks with the 
block polarity alternating periodically; 

deriving residual channel inter-symbol interference and frame boundary by subtracting the previously received 
data block from the current received data block; 
55 time domain equalizer training by using said training sequence and said residual channel inter-symbol interfer- 

ence to update equalizer coefficients; and 

frame synchronization by using said training sequence and said frame boundary. 

28. A video conferencing syst m comprising: 
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a system where video is transmitted using a modem which uses frequencies above the voice-band, and audio 
is transmitted in the voice band on the same subscriber line. 

29. A method for interfacing modem hardware with a host operating system comprising the steps of: 

calling a defined set host interface functions for command/control; 

calling a defined set of host interlace functions for link connection management; 

calling a def ined set of host interface functions for data sending/receiving; and 

calling a defined set of host interface functions for synchronization between voice-band audio and above voice- 
band video; and 

calling a defined set of host interface functions to use the voice-band as control channel and above voice-band 
for the data channel 

30. A method of establishing a new mode of modem capability for a multi-mode modem comprising the steps of: 

receiving software using an available modem mode to upgrade modem capability to support an additional 
mode. 
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